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Teeming with macroinvertebrates, hundreds of tiny wetlands dotting the prairie 
region of North Dakota provide nutrient rich foraging sites for large numbers of 
migratory shorebirds. Because these wetlands are typically small, dispersed and 
ephemeral, documentation of shorebird numbers in the region has been a difficult task. 
Large variation in survey data has resulted in an overall underestimate in the value of this 
shorebird habitat.
To assess the status of local migratory shorebirds, I conducted weekly shorebird 
surveys at eight sites within Kelly's Slough National Wildlife Refuge. These surveys 
included a bi-weekly inventory of resident invertebrates, a well established prey base for 
shorebirds. Surveys and inventories were completed from 1 April through 30 September 
of 2000, 2001 and 2002. Additionally, I conducted two years of management techniques 
on a selected site, documenting shorebird and invertebrate response to water level 
manipulations. Using information about the local shorebird population and documented 
responses to management, I outlined a flooding and drawdown regime that maximized 
optimal shorebird foraging habitat at the site.
Considerable variation was present in the shorebird population both within and 
among years. Most shorebirds were long or intermediate distance migrants and were 
present the last two weeks in May and from mid-July to the beginning of August. The 
number of shorebirds during fall migration, the last two weeks in July, was nearly three
xi
times the number of spring migrants. Despite monthly and yearly variation, the total 
number of shorebirds surpassed 26,000 birds for each year of the study.
A comparison of invertebrate and shorebird numbers shows a significant negative 
relationship. At the managed site and other sites, invertebrate numbers have less seasonal 
variation than shorebird numbers, and show a marked decline in July and August when 
shorebird numbers peak. Preliminary management actions were successful in creating 
and maintaining shorebird habitat throughout the season.
The results of this project solidify the importance of this refuge to migratory 
shorebirds. Suitable shorebird habitat must be maintained from mid-April through mid- 
September to accommodate the temporal variation that exists in northbound and 
southbound migrants. Continued shorebird management at the refuge helps with 
worldwide efforts to conserve migratory shorebirds.
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CHAPTER 1
INTRODUCTION
On cool August nights you can hear their whistled signals as they [upland sandpipers] 
set'wing for the pampas, to prove again the age-old unity o f the Americas. Hemispheric 
solidarity is new among statesmen, but not among the feathered navies o f the sky.
— Aldo Leopold, A Sand County Almanac, 1949
For centuries, naturalists have recorded the seasonal appearance and 
disappearance of birds. During the 1700 and 1800's, historical counts of shorebirds tell 
much the same story as waterfowl and passerines (Robinson and Bolen 1998). Phrases 
such as "huge numbers" and "birds darkened the sky" were used to commonly describe 
migrating shorebirds as they made the round trip journey from Central and South 
America to North America each year.
By the late 1800's however, shorebirds met the same fate as other migrating birds. 
Wagonloads of shorebirds arrived at markets across the United States. In one day in 
1821, 48,000 Golden Plovers (Pluvialis spp.) were harvested in New Orleans (Helmers 
1992). The Eskimo Curlew (Numenius borealis) population has never recovered from 
extensive hunting during this time (Welty and Baptista 1988). In South America, 
subsistence hunting of shorebirds continues (Morris 1996). In North America, all 
shorebird species except for the Common Snipe (Gallinago gallinago) and American 




Relief from hunting pressure has not resulted in shorebird populations 
rebounding. Population estimates for shorebirds in North American have been derived 
from data obtained from a variety of methods on the birds' breeding, migratory and 
wintering areas. Accuracy of most estimates remains low due to paucity and irregularity 
of census information (Morrison et al. 2001). For example, only 20% (10 of 50 species) 
have had a significant census undertaken and these surveys were not repeated regularly. 
The endangered Piping Plover (Charadrius melodus) is the only shorebird species with 
an in-depth winter and breeding census every 5 years (Brown et al. 2001).
The most recent estimates of shorebird populations using data collected primarily 
by the International Shorebird Survey show that 12 species have undergone a significant 
decline on their breeding grounds (Brown et al. 2001). More species are threatened 
during migration and on their wintering areas. Many of the negative shorebird population 
trends relate to habitat degradation. Coastal areas on both sides of the United States have 
been converted to resorts, golf courses, marinas and residential communities. In the 
interior of the United States, more than 40% of the wetlands have been drained for 
agriculture and development (Harrington 1997). Migratory shorebirds require habitat on 
the coasts and in the interior where they can stop to feed and replenish fat reserves. 
Without added fat reserves, shorebirds may not have enough energy to complete 
migration and may have lower survival rates (Brown et al. 2001).
Shorebird Ecology
Taxonomic and Morphological Description of Shorebirds 
Taxonomically, shorebirds are a large diverse group of birds containing 10 
families and 214 worldwide species, including 53 species found in the United States
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(Brown et al. 2001). The shorebirds are placed in the order Charadriiformes. Birds in 
this large order do not physically resemble one another and contain only a few unifying 
anatomical characteristics in the skull, vertebral column and syrinx (Gill 1995). The 
American Ornithologists’ Union (1998) lists the following families of birds in the order 
Charadriiformes: thicknees, lapwings and plovers, oystercatchers, stilts and avocets, 
sandpipers, jacanas, pranticole, skuas and jaegers, gulls and terns, auks and murres, and a 
sand grouse. Collectively, 4 of these 10 families make up the group of birds known as 
the shorebirds. These four families are Scolopacidae, Charadriidae, Haematopodidae, 
and Recurvirostridae (Sibley 2001).
Most field guides describe the shorebirds as small to medium-sized birds usually 
less than a foot tall (Gill 1995). Few have webbed feet. Most have long slender legs and 
a short elevated hallux suited for wading in mud and shallow water. The bills of this 
group can be generalized as typically slender, but show tremendous variation in length 
from 2 cm in the plovers to more than 22 cm in the curlews (Morris 1996). This 
morphological divergence in bill structure can be used to explain how shorebirds are able 
to achieve ecological segregation on a mudflat where spatial segregation is typically not 
an option (Smith et al. 1991). The following paragraphs give a brief overview of the four 
major shorebird families.
The largest family, Scolopacidae, includes the calidridine sandpipers. Example 
species from this group are the Baird's (Calidris bairdii), Least (Calidris minutilla), 
Semipalmated (Calidris pusilla), White-rumped (Calidris fuscicollis), and Western 
Sandpipers (Calidris mauri); often referred to as "peeps". Many refer to the small 
members of calidridine sandpipers as "little brown and white birds" as most members of
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the group have brown, gray and white plumage and are typically recognized by a "peep­
like" call (Thurston 1996). The tringine sandpipers include the Greater Yellowlegs 
{Tringa melanoleuca) and Lesser Yellowlegs (Tringa flavipes), Willet (Catoptrophorus 
semipalmatus) and Spotted Sandpiper {Actitis macularia). These birds are larger in size 
with longer bills and legs. The curlews {Numenius spp.), godwits (Limosa spp.), 
Whimbrel {Numenius phaeopus) and Upland Sandpiper {Bartramia longicauda) are often 
lumped together into one tribe within this family. Many of these species have long 
decurved or slightly upcurved bills. They also have long legs for wading and probing in 
deeper water (Hayman et al. 1986). The dowitchers {Limnodromus spp.) and Common 
Snipe make up another tribe. These birds typically have long, straight bills and medium 
length legs. Lastly, the phalaropes {Phalaropus spp.), tumstones {Arenaria spp.) and 
American Woodcock make up a group within this family (Paulsen 1993).
The second family, Charadriidae, includes the plovers characterized by shorter, 
stockier bills, large eyes, rounded heads and thick necks. They prefer open habitats and 
visually locate their prey (Morris 1996). Members of this family are the Black-bellied 
Plover (Pluvialis squatarola), American Golden-Plover (Pluvialis dominica), endangered 
Piping Plover, Semipalmated Plover {Charadrius semipalmatus), Mountain Plover 
{Charadrius montanus) and Killdeer {Charadrius vociferous).
The remaining two families contain few species. The family Haematopodidae 
includes two North American species of oystercatchers. These birds of rocky coastlines 
are predominantly black and white with long orange bills. The avocets and stilts are tall 
slender shorebirds belonging to the family Recurvirostridae. They have long legs and 
long bills that they sweep through the water for prey (Sibley 2001). The American
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Avocet (Recurvirostra americana) and Black-necked Stilt (Himantopus mexicanus) are 
two species belonging to this family.
Distribution of Shorebirds
While the word "shorebird" evokes images of birds along a shore or beach of an 
ocean or sea, only a few members of the shorebird groups are exclusively marine. Some 
examples include the Black Turnstone (Arenaria melanocephala), Wandering Tattler 
(Heteroscelus incanus), and Rock Sandpiper (Calidris ptilocnemis). These shorebirds are 
found strictly along the Pacific coast in rocky intertidal habitat (Hayman et al. 1986).
The oystercatchers nest only on salt marsh beaches and feed on rocky shorelines and tidal 
flats. Some phalarope species spend long periods of time at sea like their Larid and Alcid 
relatives earning them the moniker "sea snipes" (Thurston 1996). The majority of 
shorebirds, however, divide their time between coastal areas and inland breeding areas 
and the "shore" can be along any body of water - an estuary, prairie slough or freshwater 
lake.
The distribution of the 53 shorebird species found in North America includes 3 
species that are scarce and breed outside North America. These include the Curlew 
Sandpiper (Calidris ferruginea), Sharp-tailed Sandpiper (Calidris acuminata), and the 
Ruff (Philomachus pugnax), all of which breed in Siberia and northern Russia. The 
Purple Sandpiper (Calidris maritime) does not breed in North America, but winters along 
the eastern coast of the United States and Canada. The remaining 49 species all breed in 
North America (Brown et al. 2001).
At least 33 of the 49 species that breed in North America nest along the Arctic 
Circle in areas in northern Canada and Alaska. These species favor the treeless open
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tundra and sparse vegetation of the boreal forests found north of the lower 48 states. The 
remaining 16 shorebird species prefer a more temperate climate for nesting. Many 
species are distributed throughout the prairies and wetlands that exist in the Great Plains 
region of North America. A few species including the Wilson's Plover (Charadrius 
wilsonia) and the American Oystercatcher (Haematopus palliatus) nest along the 
Atlantic, Gulf and Pacific coasts.
Only a few shorebird species are considered common with distribution across 
most of the United States and Canada. These include the Spotted Sandpiper, Killdeer, 
Common Snipe, and American Woodcock (Skagen and Thompson 2000).
Breeding
Due to the far north location, few people have witnessed the spectacular breeding 
displays of the shorebirds. During the brief warming period in the summer, the melting 
tundra creates thousands of small, shallow pools teeming with larval and adult insects. 
Shorebirds arrive on the tundra, complete elaborate courtship displays and lay clutches of 
four or fewer eggs on the ground. Nests are vulnerable to predation and changes in 
climate. The breeding season is short and very few shorebirds nesting in the Arctic renest 
if unsuccessful (Brown et al. 2001). For these reasons, reproductive success is low in the 
Arctic as well as in the more temperate nesting areas.
Fourteen species of shorebirds breed in the temperate interior regions of North 
America. Extensive grasslands offer nesting sites for shorebirds like the Upland 
Sandpiper and Long-billed Curlew (Numenius americanus). The endangered Piping 
Plover breeds on sand or gravel beaches along reservoirs or rivers. Many temperate 
breeders prefer short or tall vegetation adjacent to a wetland or area of open water.
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Species like the Wilson's Phalarope (Phalaropus tricolor), Willet, Marbled Godwit 
{Limosafedoa), and American Avocet can be found in these areas. Successful nesting in 
these areas is highly dependent on water levels.
Wintering
Departure of birds from breeding grounds in the Arctic is typically staggered by 
sex and age. A few weeks following hatching of young, the females leave the nesting 
area and begin moving south or east to staging areas. Males follow soon after. Juveniles 
stay until the end of the Arctic summer, growing as quickly as possible on protein-rich 
insects before joining the adults on staging areas (Harrington 1997). Shorebirds spend 9- 
10 months on the wintering areas. Most shorebirds winter in parts of Central and South 
America.
Migration of Shorebirds
One impression that many have of shorebirds is speed. Thurston (1996) writes, 
"There is no such thing as a slow shorebird". These birds are built for speed and long­
distance flight with streamlined bodies and long tapered wings. As a group, the 
shorebirds undertake some of the longest distance migrations of all animals (Brown et al. 
2001). Some like the Hudsonian Godwit {Limosa haemastica) and the Red Knot 
{Calidris canutus) literally travel to the ends of the earth from the Canadian Arctic to 
Tierra del Fuego at the tip of South America. The White-rumped Sandpiper nests on 
islands in the Canadian arctic and winters in Chile and Argentina (nearly 14,000 km 
round trip). The Curlew Sandpiper breeds in northern Siberia and the shores of the Arctic 
Ocean and winters in southern Africa and Australia. The Pacific Golden-Plover 
{Pluvialis fulva) also breeds in Alaska and winters in Australia (12,872 km round trip).
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Morrison (1984) noted that one particular flock of shorebirds, Hudsonian Godwits, flew 
directly from James Bay in Canada to the north coast of South America (4505 km) 
nonstop - the longest known flight for any shorebird.
It should be noted however, that not all shorebirds are long distance migrants. 
Woodcock only migrate short distances from their northern United States breeding areas 
to southern United States wintering grounds. Other shorebirds like the American Avocet 
and the Black-necked Stilt migrate moderate distances from temperate breeding areas in 
North America to more moderate wintering grounds on the Gulf Coast. Many Dunlin 
(Calidris alpina) spend the winters along Fraser Bay in west coast of British Columbia. 
The oystercatchers are non-migratory, spending the year along the coasts (Sibley 2001).
Migration Pathways
Shorebirds that breed in North America use five general migration pathways. A 
few species like the Red Knot, Sanderling (Calidris alba), and Purple Sandpiper use a 
trans-Atlantic pathway. These birds spend the winters in Europe and then cross the 
Atlantic westward to breed in the northeastern Canadian Arctic region. Several other 
species including the Ruddy Turnstone, and Pacific Golden-Plover come north from Asia 
and the Pacific islands and as far away as Australia to breed in northwestern Alaska and 
Siberia (Harrington 1997). This pathway is typically described as trans-Pacific.
The majority of shorebirds, however, travel a migration pathway that is oriented 
in a north-south direction, from South and Central America to North America, with 
simultaneous flight occurring along all corridors heading north. Unlike Passerines that 
tend to migrate along broad fronts, many shorebird species stream north in relatively
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narrow corridors along the Pacific and Atlantic coasts and along a wider more dispersed 
corridor through the central United States (Brown et al. 2001).
The north/south Pacific flyway includes shorebirds flying up the Pacific coast and 
western mountains from South America to breed in Alaska and western Canada. The 
Western Sandpiper, Dunlin, Black-bellied Plover, and Black Turnstone are examples of 
shorebirds that travel this pathway. Most of these birds leave South America and move 
by "leap-frogging" - using a chain of staging areas or stopover sites as they make their 
way north. This behavior is quite pronounced in shorebirds and is used during the 
southward migration as well (Morrison 1984). The birds are site-faithful to these 
stopover sites and in some cases the sites can become major bottlenecks for migrating 
shorebirds.
The Copper River Delta in Alaska is a crucial staging area especially for the 
Western Sandpiper and Dunlin as they continue to make their way north. Between 2 and 
4 million birds, 60-80% of the Western Sandpiper population, concentrate at the Copper 
River Delta in any one year for a few days of feeding before leaving for the Arctic tundra. 
Over 1 million Western Sandpipers and Dunlin were counted at Copper River Delta in a 
single day. Peak counts occur there from 4-13 May of each year. Other important 
staging areas on the Pacific coast include San Francisco Bay (peak counts 15-30 April) 
and Fraser River Delta in British Columbia (peak counts 22 April to 2 May) (de Zeeuw 
1998).
Shorebirds migrate north along the Atlantic coast much the same way they do on 
the Pacific coast although with fewer major bottleneck stopover sites. The Delaware Bay 
shore in Delaware and New Jersey plays host to thousands of shorebirds during spring
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and fall migrations. In numerous studies and observations, it has been estimated that 50- 
80% of the North American Red Knot population stops at Delaware Bay during the 
spring migration north to feed on horseshoe crab eggs. Other shorebirds like the 
Semipalmated Sandpiper and White-rumped Sandpiper travel up the Atlantic coast from 
South America to breed in the eastern and central Canadian tundra.
While the coastal areas are vital to shorebird migration, many species of 
shorebirds commonly cross the interior of North America coming north along a Central 
Flyway from the Gulf of Mexico into the Great Plains. During both spring and fall 
migration they rely on ephemeral wetland habitat dispersed across the central United 
States. They stop at various wetland sites interspersed along the entire center portion of 
North America. Because many of the wetlands used for stopover sites in the central U.S. 
are ephemeral, shorebirds cannot depend on a specific staging area like they do on the 
coasts. There is a tendency for fewer bottlenecks in the Central Flyway. Several areas 
that do attract significant shorebird numbers during migration are the Cheyenne Bottoms 
Wildlife Management Area in Kansas and Quill Lakes in Saskatchewan (Skagen et al. 
1999). Another prime stopover site is in Texas along the Gulf of Mexico coast. Withers 
and Chapman (1993) found that the area supports large numbers of shorebirds during the 
months of February and March.
Although the wetlands across the midcontinent region may be dispersed, they are 
no less important. During the spring migration, large numbers of Buff-breasted 
Sandpipers (Tryngites subruficollis) were found at 10 sites nestled within the 
Appalachian and Rocky Mountains (Brown et al. 2001). The Baird's Sandpiper, Least 
Sandpiper, and Stilt Sandpiper (Calidris himantopus) are other species that travel through
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the center of North America to breeding grounds in the Canadian and Alaskan tundra. 
Some species use the Central Flyway more predominantly in the spring than the fall. 
During late summer and early fall, other staging areas like the Bay of Fundy (between 
New Brunswick and Nova Scotia) are no longer ice-covered and provide good feeding 
areas for species such as the Semipalmated Sandpiper.
Midcontinent Patterns of Movement
Historically, shorebirds that use the coastal migration routes have longer flights 
preceded by long stopover times to feed. Inland migrating species have a tendency for 
shorter hops; they fly shorter distances and feed in a shorter amount of time. By 
migrating shorter distances, the birds can be more flexible and move to new sites if 
resources are not available. In the past, the central and northern prairie potholes have 
provided these wetland stepping stones for migrating shorebirds. As wetland conversion 
has occurred across the Great Plains, there are fewer of these stepping stones available to 
migrating shorebirds (Skagen and Knopf 1994b).
The movement of migrating shorebirds through midcontinental North America 
can be described in five general patterns: narrow band, widespread, narrow band and 
widespread, jumps, and crossband (Skagen et al. 1999). Those species using the narrow 
band traveled within an area extending from Eastern Iowa to central Kansas. One 
shorebird species, the Piping Plover, moved along this narrow band using short jumps 
and traveling small distances at any one time. Other species (Upland Sandpiper, 
Semipalmated Sandpiper, Semipalmated Plover, Greater Yellowlegs, Lesser Yellowlegs) 
moved along this narrow band using jumps of intermediate length. The American 
Golden-Plover, Hudsonian Godwit, White-rumped Sandpiper, Baird's Sandpiper, Pectoral
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Sandpiper, Buff-breasted Sandpiper, and Stilt Sandpiper followed this narrow band north 
making long jumps.
The narrow band and widespread pattern of movement was found to occur in only 
two species. Eighty to 90% of the Least Sandpipers and Short-billed Dowitchers 
{Limnodromus griseus) were counted in the narrow band. However, because the 
remaining 10-20% of these shorebirds were widely distributed throughout portions of 
central North America, these species are also given a widespread migration designation 
(Skagen et al. 1999).
The jump pattern of migration occurs in four shorebird species. These species 
winter in the Gulf coastal area of Texas and Louisiana and tend to over fly most of the 
central plains. Large numbers of Ruddy Turnstones (Arenaria interpres), Red Knots, 
Dunlin, and Sanderlings are reported only at the most northerly areas in the flyway. 
Dunlin wintering on the Gulf Coast are recorded in very limited numbers throughout the 
Central flyway except in North and South Dakota, suggesting that they make one jump 
from the Gulf Coast to the Dakotas to replenish fat reserves before making the final jump 
to the Arctic nesting grounds (Wamock and Gill 1996). Sanderlings are typically rare in 
the Central Plains such as Kansas during spring migration. These shorebirds come north 
from South America, stop in Texas and jump to the large lakes in Saskatchewan and 
Alberta before arriving on the nesting grounds (Myers et al. 1990).
The Western Sandpiper uses a crossband or diagonal pattern of migration. Some 
of these shorebirds winter in the southern United States and Central America and cross 
the center of the United States stopping infrequently in the north central portion of the 
Great Plains. Most of the Western Sandpipers are sighted in Texas along the Gulf of
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Mexico coast moving north to the Great Salt Lake region and up to Alaska. This pattern 
is more typical of southbound Western Sandpipers, however, who appear to split off the 
Pacific Coast migration route crossing to the Great Salt Lake and Texas coast before 
moving on to Central and South America (Butler et al. 1996).
The remaining species are broadly distributed throughout the central U.S. and 
found at stopover sites throughout the region (from Louisiana to Minnesota on the east 
and from Arizona to Montana on the west). The Killdeer, Willet, and Marbled Godwit 
move through this region in short jumps, making many stops along the way north. The 
Black-bellied Plover, Solitary Sandpiper (Tringa solitaria), Spotted Sandpiper, 
Whimbrel, Long-billed Dowitcher (Limnodromus scolopaceus), Wilson's Phalarope and 
Red-necked Phalarope (Phalaropus lobatus) all move through the area with intermediate 
jumps, stopping only a few times before reaching the wintering grounds in the Arctic.
Previous research has shown that some shorebird species use a circular migratory 
route. They travel north using the central corridor and take a coastal corridor southward. 
This hypothesis was first described by Cooke (1910) and has been supported by 
Harrington and Morrison (1979). Harrington and Morrison (1979) used comparative 
body morphology of Semipalmated Sandpipers to help determine migratory pathways. 
These sandpipers travel north through the Great Plains in the spring and then use the Bay 
of Fundy and James Bay regions in Canada during late summer to stage and replenish fat 
reserves. The Semipalmated Sandpipers then travels southbound in the fall along the 
Atlantic coast arriving on wintering grounds in South America in a non-stop 60-70 hour 
flight (Morrison 1984). Myers (1990) found further proof of this route.
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Recent studies in the interior, however, may reveal new information on fall 
migration patterns. Twedt et al. (1998) found high shorebird abundance and species 
richness during the fall migration along the Mississippi Valley in Arkansas and 
Mississippi. DeCecco and Cooper (1996) also found high numbers of fall migrants at a 
wastewater treatment facility in Tennessee.
Migration Chronology
The shorebirds that migrate through the interior of the United States show 
considerable variation in movement. Some species move through quickly during a 
relatively short period of time, (30-45 days), in late April into May. Birds using quick 
passage tend to stop at various locations whenever they need to feed and can be sighted 
anywhere between 25 degrees North latitude and 50 degrees north latitude concurrently. 
The Hudsonian Godwit moves through the central flyway in quick passage (Skagen et al. 
1999).
Other shorebird species move through the interior more gradually. These species 
can be found in the southern parts of the United States in February and in the northern 
parts of the United States in April and May, moving slowly northward as spring 
progresses. For example, the Stilt Sandpiper can be found in Texas along the Gulf of 
Mexico coast in February. This species moves northward to 30-40 degrees north latitude 
in early April, appear between 40-50 degrees north latitude in early May and reach the 
Arctic 50-55 degrees north latitude in late May (Skagen et al. 1999).
Davis and Smith (1998) found that most shorebird species migrated through the 
Playa Lakes Region of northwestern Texas in the spring from 15 March to 25 May and in 
the fall from 15 August to 15 October. The spring migration was on average, 8.25 weeks,
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with a peak species richness of 19 species in late April and early May. Fall migration 
was longer, nearly 13 weeks, with a peak species richness occurring in late August with 
22 species.
Fall migration was also lengthier at a stop over site in Arkansas. Smith et al. 
(1991) found that fewer shorebirds migrated through Arkansas over a longer time period 
in the fall. Spring migration showed larger numbers of shorebirds staying shorter lengths 
of time. Many species like the Semipalmated Sandpiper and White-rumped Sandpiper 
observed migrating through the area in the spring are those that use the Atlantic coast for 
southward migration in the fall.
Residency patterns by shorebirds at a stop over site appear to be highly variable 
and species specific. By applying radio transmitters, Skagen and Knopf (1994a) were 
able to determine stop-over residency for two species of shorebirds at a wetland complex 
in Kansas. Stopover periods for Semipalmated Sandpipers stayed on average 3.4 days in
1991 and 9.7 days in 1992. White-rumped Sandpipers averaged 7 days for both 1991 and
1992 (Skagen and Knopf 1994a). In general, the later arriving birds stayed fewer days 
than those birds arriving early. For example, White-rumped Sandpipers arrived after 
Semipalmated Sandpipers and left abruptly. Semipalmated Sandpipers showed a more 
prolonged period of residency with overlapping arrivals and departures that spanned 
almost two months.
Management for Shorebirds
Water management is proven an effective strategy to attract and maintain a 
variety of wetland wildlife. Seasonal flooding is commonly used to provide moist-soil 
habitat, a mixture of shallow water and mudflat. Because the northern prairie region is
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replete with potholes, the total area of shoreline available for shorebirds is considerable. 
These numerous potholes have a high ratio of shoreline to surface area, lack permanent 
water and therefore cannot support predatory fish, maintaining an abundant supply of 
macroinvertebrates (Euliss et al. 1999). These potholes can be dispersed across the 
landscape and many become dry during the summer. Management of water resources 
where applicable, can therefore provide a more predictable landscape for migratory 
shorebirds.
Water Manipulation
Rundle and Fredrickson (1981) showed that shorebird response to managed water 
sites in Missouri was immediate; many birds arrived within 4-24 hours after a site was 
flooded. The two managed sites at the refuge held 85% of the shorebirds and gradual 
drawdowns of water provided more shorebird habitat for a longer period of time. Rapid 
drawdowns led to hard-packed dry mudflat. Following additional flooding, the mudflat 
remained impenetrable to shorebirds probing for invertebrates. Rundle and Fredrickson 
(1981) also found that rainfall and evaporation made maintenance of desired shallow 
water mudflat difficult. In order to inhibit growth of vegetation that occurs with 
drawdowns in the summer months, spring flooding of pools was to depths of at least 35 
cm. An interspersion of deep and shallow water worked best at attracting a diversity of 
species.
Habitat Use
Most shorebirds prefer wetland sites with little vegetation on the shoreline. 
Helmers (1992) found that most shorebirds are found in wetlands with less than 25% 
vegetation. Davis and Smith (1998) found shorebirds using playa lakes with a mean
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vegetative density of 9.1%. To attract a variety of shorebirds, a mixture of mudflat, 
shallow water, slightly deeper water and sparse vegetation are key components.
Shorebirds occupy feeding guilds as they stop at various wetlands. Baker (1979) 
first correlated culmen and tarsus length of shorebirds to vegetation height and water 
depth. Several long-legged species tend to use deeper water for feeding. The American 
Avocet, Black-necked Stilt, Willet, Greater Yellowlegs and Marbled and Hudsonian 
Godwits tend to feed in water that is greater than 4 cm in depth.
Other species prefer shallow water and feed by probing and gleaning invertebrate 
prey. Typical species found in shallow water microhabitats include the Semipalmated 
Sandpiper, White-rumped Sandpiper, Lesser Yellowlegs, Stilt Sandpiper, Pectoral 
Sandpiper (Calidris melanotos), Long and Short-billed Dowitchers, and Dunlin. Other 
shorebirds prefer moist soil/mudflat and search for prey visually - the Semipalmated 
Plover, Black-bellied Plover and American Golden-Plover have this feeding strategy 
(Colwell and Oring 1988). Killdeer, Buff-breasted Sandpipers, and Baird's Sandpiper 
feed on dryer soils and in vegetated areas. The Wilson Phalarope is commonly seen 
swimming as well as in shallow water and mudflat. Common Snipe and Lesser 
Yellowlegs are two species that feed in taller, saturated vegetation.
Availability of Food Resources
Migratory shorebirds consume large numbers of invertebrates at their stopover 
sites. Baldassare and Fischer (1984) examined food habits of fall migratory shorebirds at 
a freshwater playa lake in Texas, noting that shorebirds did not compete for resources, 
but efficiently exploited the available invertebrate and seed resources. Stomach analysis 
revealed that Lesser Yellowlegs fed solely and exclusively on corixids (water boatmen).
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The Wilson's Phalarope fed on dipteran adults (true flies) at the surface of the water while 
Killdeer fed on larval dipterans in the soil. Chironomid larvae (midges) were the major 
dietary component of several shorebird species comprising 44-77% of the diet of Least 
Sandpipers, Western Sandpipers, Stilt Sandpipers, Long-billed Dowitchers, and 
American Avocets (Baldassare and Fischer 1984). In the Playa Lakes region of west 
Texas, Davis and Smith (1998) found that chironomids were the predominant 
invertebrate eaten in the spring by the American Avocet, Long-billed Dowitcher, and 
Least and Western Sandpipers. Chironomids were the most abundant invertebrate 
present and in some cases the only invertebrate present in the playa lakes. Fall diets of 
these four species of shorebirds were more diverse. The shorebirds fed on hydrophilids 
(water scavenger beetles), corixids, planorbs (orb snail), cladocerans (water flea), 
ephydrids (shore fly), hydracarinas (water mite), and seeds.
Availability of food resources may be an important factor shaping migratory 
patterns of shorebirds (Helmers 1992). To provide quality habitat for shorebirds, 
identification of food resources is essential to determine what foods exist and which are 
likely to be eaten by migrating shorebirds. Once the identification of available food 
resources is complete, managers can manipulate water levels to provide for a continuous 
invertebrate population throughout shorebird migration periods. For example, 
chironomids, a primary prey species for shorebirds, are benthic invertebrates that inhabit 
shallow water with a silt substrate. Chironomids feed on algae in the water column and 
lay their eggs in the water; the presence of water is necessary to sustain a healthy
population of chironomids.
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Even if habitat is available for migrating shorebirds, food resources may not be. 
Recolonization rates of invertebrates in newly flooded areas can vary and are difficult to 
predict. Optimally, recolonization of invertebrates should coincide with peak shorebird 
numbers. Managing a wetland for invertebrate availability benefits not only shorebirds, 
but waterfowl and other wetland species as well.
Objectives of Study
The United States Shorebird Conservation Plan unveiled in 2000 states the 
importance of identifying local areas within the United States that play key roles during 
shorebird breeding, non-breeding and migration seasons. This project was undertaken to 
characterize and describe current shorebird use of Kelly’s Slough National Wildlife 
Refuge (KSNWR). Because shorebirds are highly migratory, factors affecting a local 
shorebird site can ultimately affect shorebird conservation across the Western 
Hemisphere (Brown et al. 2000).
To determine the importance of KSNWR to Western Hemisphere shorebirds, 
baseline information on the number and species of shorebirds present at the refuge from 
April through September were collected. The northern plains prairie pothole region has 
been listed as an area of concern for shorebird conservation due to lack of baseline data 
(Skagen and Thompson 2000). Numerous authors state the importance of accurate, 
consistent information on shorebird distribution and abundance along all parts of the 
migratory route (Brown et al. 2001; Helmers 1992; Skagen 1994b). Further knowledge 
concerning shorebird species composition and migration chronologies is essential in 
developing conservation and management strategies. Population estimates and frequency 
of occurrence data were collected to determine how many shorebirds used the area and
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for what periods of time. Spring and fall migration chronologies were charted for the 
most abundant species with peak migration dates recorded.
For future management of shorebirds, it is essential to know what food resources 
are available and when they are available. Baseline information was gathered on the 
invertebrate population at the refuge. Sampling of the invertebrates in the soil and water 
provided information on types of invertebrates present. Continual sampling over a 6 
month period provided insight into seasonal fluctuations of invertebrates under changing 
water levels. This information can be used to determine if invertebrate abundances are in 
any way involved in shorebird use of a particular site during a particular time period.
In addition to the baseline information collection, a trial adaptive management 
regime was started to create more available habitat when shorebirds were migrating 
through the region. Water levels were manipulated to coincide with peak migrations 
during spring and fall. While prior shorebird management has been successful in 
attracting shorebirds to wetland areas, (Hands et al. 1991; Rundle and Fredrickson 1981), 
information is still needed to refine management techniques and optimize results. Also, 
the ecology of migratory shorebirds can be quite different among various regions across 
the central United States. What works at one particular refuge may not be successful at 
another. Information gathered from this trial management at KSNWR can be used to 
help regional managers of shorebird populations in the future. Management and 
conservation of the local migratory shorebird population insures the success of 
conservation efforts for these birds across North and South America and for many years
to come.
CHAPTER 2
SHOREBIRD AND INVERTEBRATE COMMUNITY PARAMETERS
Introduction
Shorebirds are highly migratory and travel nearly 16,090 km on a round trip 
journey from breeding areas in the most northern parts of North America to wintering 
areas in the most southern parts of South America. To complete these long distance 
migratory flights, shorebirds must stop at wetlands along migratory pathways to rest and 
forage on invertebrates, restocking energy reserves (Skagen 1997). Thousands of 
shorebirds from 36 different species use wetlands located throughout the northern prairie 
pothole region in the interior of North America as stopover sites. These scattered 
wetlands provide valuable habitat and serve as wayside rests for traveling shorebirds.
The degradation of habitat and lack of invertebrate prey at these stopover sites can have 
tremendous impact on the survival of entire shorebird populations (Skagen and Knopf 
1993).
With the rapid and continuing destruction of wetlands in the pothole region, 
conservation and management of existing wetlands becomes crucial to the survival of 
migratory shorebirds. Monitoring and safeguarding wetland habitat, local shorebird 
populations, and the invertebrate prey base, ultimately affects the worldwide conservation 
of shorebirds (Brown et al. 2001). To insure effective shorebird conservation, it is 
essential to have baseline information describing the status of shorebirds and 
invertebrates at stopover sites throughout the interior of North America.
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Timely studies describing local shorebird abundances and habitat use provide the 
necessary link between specific management actions to protect shorebirds and broad 
conservation goals outlined by worldwide organizations. Descriptive studies have been 
completed at stopover sites in Texas along the Gulf of Mexico coast and in the Playa 
Lakes Region (Davis and Smith 1998; Withers and Chapman 1992). Other studies 
documented shorebird use in Kansas, Missouri and Arkansas (Hands et al. 1991; Skagen 
and Knopf 1994b; Twedt et al. 1998). Anecdotal information suggests that the potholes 
and refuges scattered throughout North Dakota support thousands of shorebirds every 
year, but few studies have documented shorebird use in the northern plains prairie 
pothole region.
Information on shorebird abundance in the northern plains prairie pothole region 
can be incorporated into management initiatives and strategies to conserve stopover 
habitat along the migratory pathways. A critical factor in any successful management 
and conservation strategy involves food availability (Helmers 1992). A description of the 
status and abundance of invertebrate resources, a well established prey base for 
shorebirds, can play an important role in determining the number of shorebirds that a 
stopover site can support. Food availability and seasonal prey depletion may also be 
important in timing of shorebird migration, although little is known where thresholds lie 
(Oring et al. 2000; Schneider and Harrington 1981).
Historically, Kelly’s Slough National Wildlife Refuge (KSNWR) has been 
described as an important stopover site for numerous species of shorebirds migrating 
through the midcontinent (Freeberg et al. 2000). Documentation of species present and 
relative abundances was lacking, however. While a few areas of KSNWR have been
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sampled to determine invertebrate distribution (Price 1998), abundance and availability 
of invertebrates as a shorebird food resource is unknown. The overall goal of this project 
was to describe shorebird use at KSNWR and to determine the viability of the refuge as a 
stopover site for migratory shorebirds in the northern plains/prairie pothole region. The 
overall goal was accomplished by documenting relative abundances and diversity of all 
shorebird species migrating through the refuge area. To determine what invertebrate prey 
base was available to migratory shorebirds, invertebrate families present in the pools at 
KSNWR were identified and relative abundances and diversity were documented. To 
examine a variable that may affect timing of shorebird use within the refuge, seasonal 
trends in invertebrate abundances were compared to seasonal trends in shorebird 
abundances.
Study Area
This project was conducted entirely at KSNWR which lies in the Northern Plains 
Prairie Pothole Region of the United States. This region includes all or parts of seven 
states (eastern Montana, northeast Wyoming, western Minnesota, north central Iowa, a 
small part of northeast Nebraska, South Dakota, and North Dakota). The prairie pothole 
region consists of thousands of potholes or scattered depressions. These depressions are 
primarily the result of glaciation events that occurred during the Pleistocene Epoch. The 
last glaciers retreated from the region approximately 12,000 years ago, leaving behind 
many small wetlands or sloughs. Most are shallow temporary or seasonal wetlands 
surrounded by prairie grasses or croplands, and they range in size from less than 0.4047 
hectares to more than 4,047 hectares (Euliss et al. 1999).
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KSNWR is located approximately 13 km west and 4.8 km north of the city of 
Grand Forks, North Dakota in Grand Forks County (Fig. 1). The refuge lies in the 
northeast portion of North Dakota in the Red River Valley. The Red River Valley 
stretches 48-64 km westward from the border between Minnesota and North Dakota and 
extends north to the Canadian border and south to the South Dakota state line. This 
valley, previously formed by glacial Lake Agassiz, has smooth, almost level topography 
described as low-relief lake plain flatlands. Soils in the Red River Valley region range 
from areas of good topsoil for agriculture to scattered areas of poorly drained saline soil. 
Some of these areas with poorly drained saline soil are found in the refuge. These plots 
of land have a high water table offering good potential for shallow water wildlife habitat 
(Kelly’s Slough Project Plan of Action 1990).
KSNWR was established in 1936 as a breeding area and preserve for migratory 
birds and other wildlife. Current habitat includes approximately 1,605 hectares of refuge 
land surrounded by over 16,000 additional hectares. Highly erodible cropland and 
grassland retired under the Conservation Reserve Program and in private ownership make 
up the bulk of the additional acreage (13,885 hectares). Federal Waterfowl Production 
Areas, North Dakota Game and Fish Department Lands, and North Dakota State School 
lands comprise the remaining several thousand acres. Within the refuge are eight pools 
ranging from approximately 3 hectares to over 162 hectares in size. All of the pools but 
one, are equipped with various water control structures that allow refuge personnel to 
manipulate water levels for waterfowl and other wetland species (Kelly’s Slough Wildlife 
Project Plan of Action 1990).
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Shorebird counts were conducted for three consecutive field seasons beginning in 
2000 and ending in 2002. Each field season ran from 1 April to 30 September.
Following suggestions from personnel working on the International Shorebird Surveys 
out of Manomet, Massachusetts, counts were done approximately every 7-9 days (Corven 
2000). To facilitate species identification, all counts were conducted in the morning or 
afternoon in full sunlight or limited cloud cover. A complete survey of each of eight 
pools located within the refuge was done on a single day, when time permitted; complete 
surveys decreased the risk of counting the same birds twice.
Every attempt was made to accurately record all shorebird species present in each 
of the eight pools. To decrease disturbance to foraging shorebirds, observations were 
made from the farthest distance that still allowed accurate species identification. 
Depending on the topography and layout of each pool, observations were made either 
from a single point offering views of the entire pool or along a line transect that allowed 
views of the entire pool. Depending on the pool and the distance of shorebirds from the 
vantage point, observations were made either on foot or by vehicle with 8 x 42 binoculars 
or 15 x 60 spotting scope. Shorebirds were identified to species and recorded as adult or 
juvenile and in breeding or winter plumage (Hayman et al. 1996; Sibley 2001).
All shorebird species sighted at the refuge during the three year survey period 
were recorded and maximum single counts were documented. Shorebirds were grouped 
according to frequency of occurrence into three categories: (a) low frequency of 
occurrence, population estimates were less than 100 birds each field season; (b) medium
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frequency of occurrence, population estimates were between 100-1000 birds each field 
season; and (c) high frequency of occurrence, population estimates were greater than 
1000 each field season. For each week of the study period, the total number of shorebirds 
counted was recorded and a three year average weekly and monthly percentage of the 
total shorebird population was determined.
A summary representation of the three years of data was completed to show a 
general pattern of shorebird abundance at the refuge from the beginning of April to the 
end of September. Interpolation between point observations had to be used because data 
collected over the three year period was not collected at the same interval or on the same 
dates each year. Linear estimates between point observations were calculated for the 1st, 
8th, 15lh, and 22nd of each month from April to September for 2000 to 2002. This yielded 
an estimated number of shorebirds for the same dates for every year of data collection. 
The average of these estimates was then used to determine a single estimate of shorebird 
abundance from the beginning of April to the end of September for the 1st, 8th, 15th, and 
22nd of each month. This estimate compensated for environmental factors that occurred 
during any single year of data collection, such as the 100 year flood experienced during 
the week of 15 June in 2000. The summarized estimate could also be used to predict 
peak abundance periods and allowed for a means of comparison between shorebird and 
invertebrate sample data.
Invertebrate Abundances
Invertebrate samples were drawn bi-weekly from eight refuge pools from mid- 
April to late September. Samples were taken from three different water depths roughly 
corresponding to shorebird foraging depths. All shorebird species at the refuge generally
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feed within guilds relating to three depths of water (Baker 1979; Davis and Smith 1998). 
The deepest water (>5 cm) was labeled as Zone 3 and corresponds to the wader guild. 
Shorebirds like the American Avocet (Recurvirostra americana), and Marbled Godwit 
(Limosa fedoa) have long legs and feed in Zone 3 water depth. Zone 2 is shallow water 
(1-5 cm) and corresponds to medium sized birds such as the Short-billed Dowitcher 
(Limnodromus griseus) and Pectoral Sandpiper (Calidris melanotos). The pickers and 
gleaners are short-billed, short-legged species that tend to feed more by sight. These 
include Killdeer (Charadrius vociferus), Semipalmated Plover (Charadrius 
semipalmatus), and Baird's Sandpipers (Calidris bairdii). They feed in moist-soil 
mudflat termed Zone 1, which has little vegetation (Helmers 1992).
On each sampling date and from each pool, six total samples were extracted. Two 
water samples were randomly selected from areas of each pool that had Zone 3 habitat 
(>5 cm of water). Two mud/water core samples were randomly taken from Zone 2 areas 
of the pool that had shallow standing water (1-5 cm). Two Zone 1 moist-soil mudflat 
core samples were randomly selected from areas with mudflat and very little vegetation 
present.
All samples were stored in Ziploc freezer bags and labeled. The samples were 
frozen unless they could be washed and sorted within 24-48 hours. All water samples 
taken from Zone 3 depths were examined by pouring small amounts into deep petri 
dishes and observing the sample with a 4 x 10 dissecting microscope (Lind 1985). All 
invertebrates were counted and classified to the family level, if possible (Pennak 1978; 
Price 1998; Thorp and Covich 1991).
29
All Zone 2 (1-5 cm mud/shallow water) core samples and all Zone 1 (moist-soil 
mudflat) core samples were washed with a #30 gauge sieve and examined for 
invertebrates with the dissecting microscope (Lind 1985). All invertebrates were counted 
and classified to the family level, if possible (Pennak 1978; Price 1998; Thorp and 
Covich 1991).
Once classified, the total number of invertebrates for each month was tabulated 
and maximum single counts were documented. Invertebrates were grouped according to 
frequency of occurrence into three categories: (a) low frequency of occurrence, sample 
estimates of less than 100 invertebrates for the entire field season; (b) medium frequency 
of occurrence, sample estimates are between 100-500 invertebrates each field season; and 
(c) high frequency of occurrence, sample estimates are greater than 1000 each field 
season. For each weekly and monthly period, the total number of invertebrates counted 
and the number of invertebrates sampled from each zone was recorded. A three year 
average weekly and monthly percentage of the total invertebrate sample was determined.
As with the shorebird data, a summary representation of the three years of data 
was completed to show a general pattern of invertebrate abundance at the refuge from the 
beginning of April to the end of September. Linear estimates between point observations 
were calculated for 1st, 8th, 15 th, and 22nd of each month from April to September for 2000 
to 2002. The average of these linear estimates was then used to determine a single 
estimate of invertebrate abundance from the beginning of April to the end of September 
for the 1st, 8th, 15th, and 22nd of each month.
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Community Diversity
Diversity was examined by looking at three aspects of the shorebird and 
invertebrate populations. Average species richness was calculated for each month of the 
survey. The species richness was a count of the number of shorebird species sighted and 
invertebrate families observed. A Shannon Diversity index was also calculated for each 
month of the census for both invertebrates and shorebirds using H = - E Pj(lnPj) where 
H = diversity of species and Pi = proportion of individuals of the total sample belonging 
to the zth species (Shannon and Weaver 1949). To assess at how evenly distributed the 
shorebird species and invertebrate families were each month, an evenness value was 
calculated using J = H/1„S where J = Evenness, H = diversity of species and S = number 
of species (Smith 1992).
Seasonal Trends in Shorebird and Invertebrate Abundances
To examine the relationship between total shorebird numbers and total 
invertebrate numbers during the study period, I graphed the combined linear estimate for 
shorebird abundances and the combined linear estimate for invertebrate abundances. I 
used a Spearman's Rank correlation coefficient (rs) (significance set at p = 0.05) to 
measure the relationship between the two variables (Sokal and Rohlf 1995).
Results
Shorebird Abundances
During the three year study, 30 shorebird species were sighted at KSNWR. Table 
1 provides a list of the species surveyed at the refuge including maximum single counts 
for each species.
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Table 1. Maximum single counts o f shorebirds at Kelly's Slough National Wildlife Refuge, 2000-2002.
Common Name Scientific Name Number of Birds Date (mm-yy)
Black-bellied Plover P lu v ia lis  sq u a ta ro la 20 Sep-02
American Golden-Plover P lu v ia lis  d o m in ica 3 Jul-02
Piping Plover C h a ra d r iu s  m e lo d u s 1 Apr-02
Semipalmated Plover C h a ra d r iu s  se m ip a lm a tu s 70 Aug-02
Killdeer C h a ra d r iu s  vo c iferu s 91 Aug-02
American Avocet R e c u rv iro s tra  a m e r ic a n a 595 Jul-01
Black-necked Stilt H im a n to p u s m ex ica n u s 12 Sep-02
Greater Yellowlegs T rin ga  m e la n o leu ca 150 Jul-02
Lesser Yellowlegs T rin ga  f la v ip e s 2,430 Jul-02
Solitary Sandpiper T rin ga  so lita r ia 1 Sep-02
Willet C a to p tro p h o ru s  se m ip a lm a tu s 7 Aug-02
Spotted Sandpiper A c tit is  m a cu la r ia 5 Aug-00
Hudsonian Godwit L im o sa  h a em a stica 50 May-02
Marbled Godwit L im o sa  f e d o a 77 May-00
Ruddy Turnstone A re n a r ia  in te rp res 2 May-02
Red Knot C a lid r is  can u tu s 2 Jul-02
Sanderling C a lid r is  a lb a 55 Aug-02
Dunlin C a lid r is  a lp in a 2,210 May-02
Pectoral Sandpiper C a lid r is  m e la n o to s 1,115 Jul-00
White-rumped Sandpiper C a lid r is  fu sc ic o llis 1,157 Jun-02
Baird's Sandpiper C a lid r is  b a ird ii 497 Apr-00
Semipalmated Sandpiper C a lid r is  p u s illa 4,798 Jul-02
Least Sandpiper C a lid r is  m in u tilla 691 May-00
Stilt Sandpiper C a lid r is  h im a n to p u s 754 Jul-02
Dowitchers* L im n o d ro m u s spp . 558 Jul-00
Buff-breasted Sandpiper T ryn g ite s  su b ru fic o llis 47 Aug-02
Common Snipe G a llin a g o  g a llin a g o 12 Apr-00
Wilson's Phalarope P h a la ro p u s  tr ic o lo r 1,230 Jul-00
Red-necked Phalarope P h a la ro p u s  lo b a tu s 15 Jul-02
* Includes Short-billed and Long-billed Dowitchers.
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Shorebirds were grouped according to frequency of occurrence into three 
categories. Ten species had a high frequency of occurrence (>1000 shorebirds each year) 
and comprised an average 94% of the total shorebirds counted (Table 2). The 
Semipalmated Sandpiper (Calidris pusilla) was the most abundant species for 2000 and 
2002 constituting 37 % and 44%, respectively, of the total shorebird population for those 
years. The Lesser Yellowlegs (Tringa flavipes) was the most abundant species in 2001 
comprising 27% of the total shorebird population. Other common species were Wilson's 
Phalarope {Phalaropus tricolor) and Stilt Sandpiper (Caladris himantopus) comprising 
an average 8% and 6% of the total population, respectively.
The medium frequency category (a total of 100-1000 shorebirds counted each 
year) had six species that made up 5% of the total shorebird population on average. 
Fourteen additional species had a low frequency of occurrence (a total of less than 100 
shorebirds counted each year) and made up only 1% of the community by number. Six 
of these 14 species were sighted at the refuge in numbers of less than 10. The Red Knot 
(Calidris canutus), Ruddy Turnstone (Arenaria interpres) and Piping Plover (Charadrius 
melodus) were only sighted once during the entire three year survey period.
The total number of shorebirds counted at the refuge was 39,897 in 2000, 26,356 
in 2001 and 42,805 in 2002. The three year average was 36,353 birds. The months of 
July and August combined, account for an average of 67% of all shorebird observations. 
May counts yielded an average of 16% of the total birds counted. The remaining months 
of April, June, and September accounted for the final 16% of the total number of 
shorebirds. April and June had the lowest counts (2 and 5% on average, respectively) 
(Table 3).
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Table 2. Abundances (no. of each species observed/year) and species compositions
(% of total no. of observed birds/year) of shorebirds at Kelly's Slough National Wildlife Refuge, 2000-2002.
High Occurrence (>1000)
Species 2000 2001 2002 Mean
n % n % n % n %
Semipalmated Sandpiper 14,946 37 6,731 26 17,530 41 13,069 36
Lesser Yellowlegs 8,434 21 7,294 28 8,238 19 7,989 22
American Avocet 951 2 3,206 12 1,668 4 1,942 5
Wilson's Phalarope 3,912 10 1,856 7 2,373 6 2,714 7
Stilt Sandpiper 1,414 4 2,066 8 2,503 6 1,994 5
Pectoral Sandpiper 2,537 6 939 4 2,020 5 1,832 5
Dowitchers * 889 2 974 4 1,002 2 955 3
Dunlin 2,482 6 409 2 2,758 6 1,883 5
Least Sandpiper 2,770 7 476 2 837 2 1,361 4
Total 38,335 96 23,951 91 38,929 91 33,738 94
Medium Occurrence (100-1000)
Species 2000 2001 2002 Mean
n % n % n % n %
Greater Yellowlegs 388 1 429 2 535 1 451 1
Killdeer 307 1 286 1 337 1 310 1
Semipalmated Plover 170 0 137 1 109 0 139 0
Marbled Godwit 144 0 100 0 142 0 129 0
Baird's Sandpiper 146 0 550 2 846 2 514 1
White-rumped Sandpiper 208 1 742 3 1,592 4 847 2
Total 1,363 3 2,244 9 3,561 8 2,389 5
Low Occurrence (<100)
Species 2000 2001 2002 Mean
n % n % n % n %
Buff-breasted Sandpiper a 0 51 0 108 0 57 0
Willet 25 0 28 0 10 0 21 0
Black-bellied Plover 28 0 37 0 5 0 23 0
Ameican Golden-Plover 3 0 0 0 5 0 3 0
Common Snipe 20 0 11 0 5 0 12 0
Spotted Sandpiper 29 0 1 0 9 0 13 0
Hudsonian Godwit 38 0 30 0 79 0 49 0
Solitary Sandpiper 2 0 1 0 0 0 1 0
Red-necked Phalarope 0 0 1 0 23 0 8 0
Black-necked Stilt 0 0 1 0 12 0 4 0
Piping Plover 0 0 0 0 1 0 0 0
Ruddy Turnstone 0 0 0 0 2 0 1 0
Red Knot 0 0 0 0 1 0 0 0
Sanderling 13 0 0 0 55 0 23 0
Total 169 1 161 1 315 1 215 1
Grand Total 39,867 26,356 42,805 36,343
* Includes Short-billed and Long-billed Dowitchers.
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Table 3. Weekly and monthly shorebird abundances at Kelly's Slough National Wildlife Refuge.
Date 2000 2001 2002 Mean
n % n % n % n %
4-Apr 26 2 0 0 0 0 9 1
11-Apr 70 5 10 14 73 9 57 8
18-Apr 249 19 6 8 82 10 121 16
25-Apr 1,000 74 55 77 639 80 615 83
Apr Total 1,345 3 71 0 794 2 738 2
4-May 1,876 19 408 22 791 12 1,039 17
11-May 1,671 17 96 5 327 5 706 12
18-May 2,316 24 132 7 112 2 864 14
23-May 1,814 19 345 19 1,468 23 1,222 20
30-May 1,968 20 837 46 3,783 58 2,218 37
May Total 9,645 24 1,818 7 6,481 15 5,992 16
4-Jun 368 34 67 2 1,396 87 622 33
11 - Jun 223 20 1,779 62 12 1 699 38
18-Jun 22 2 235 8 57 4 108 6
25-Jun 484 44 782 27 144 9 494 27
Jun Total 1,097 3 2,863 11 1,609 4 1,861 5
4-Jul 1,397 9 2,574 29 360 4 1,456 13
11-Jul 801 5 4,396 50 774 8 2,009 18
18-Jul 6,102 39 791 9 698 7 2,546 22
25-Jul 7,474 47 1,103 12 7,823 81 5,487 48
Jul Total 15,774 40 8,864 34 9,655 23 11,455 32
4-Aug 5,286 54 2,723 33 3,899 18 3,998 30
11-Aug 1,834 19 600 7 5,998 28 2,819 21
18-Aug 758 8 544 7 5,348 25 2,221 17
23-Aug 1,515 16 1,000 12 5,657 27 2,733 21
30-Aug 357 4 3,473 42 304 1 1,393 11
Aug Total 9,750 24 8,340 32 21,206 50 13,117 36
4-Sep 540 24 3,646 83 180 6 1,491 46
11-Sep 1,256 55 530 12 530 17 794 24
18-Sep 371 16 161 4 1,795 59 782 24
25-Sep 119 5 63 1 555 18 248 8
Sep Total 2,286 6 4,400 17 3,060 7 3,256 9
Grand Total 39,897 26,356 42,805 36,353
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Year to year variation in weekly counts was observed. For example, during the 
week of 25 April, there were 1000 birds at the refuge in 2000, only 55 birds in 2001, and 
639 birds in 2002 (Table 3). During spring migration, the number of shorebirds peaked 
during the week of 18 May in 2000, 11 June in 2001 and 30 May in 2002 (Fig. 2). Peak 
fall migration counts were 30-40% higher than peak spring counts and occurred on 25 
July in 2000 and 2002 and on 11 July in 2001. Shorebird counts remained above 100 
each week throughout the survey period excluding the first two weeks in April (Fig. 2).
The combined linear estimate shows a spring migration period beginning in mid- 
April and ending around 10 June (Fig. 3). On average, peak spring abundances occur 
approximately 27 May. The lowest shorebird abundances were found during the month 
of June. Fall migration extends from mid-June throughout the month of September and 
peaks just after 22 July. A second smaller peak occurs in mid-to-late August and early 
September (Fig. 3).
Invertebrate Abundances
During the three year study, 39 families of invertebrates were sampled from the 
pools at KSNWR (Table 4). The order Diptera had the largest number of families present 
at the refuge with 12. There were seven families of beetles (Coleoptera) and four 
families in the orders Gastropoda and Heteroptera.
Invertebrates were grouped according to frequency of occurrence into three 
categories (Table 5). Eight families had a high frequency of occurrence (>1000 
invertebrates sampled each year). These eight families comprised an average 92% of all 
invertebrates counted. Daphnidae was the most abundant family in 2001 and 2002 and 
made up an average of 40% of all invertebrates counted. Corixidae was the most
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Figure 2. Shorebird abundance at Kelly's Slough National Wildlife Refuge.
Figure 3. Combined estimate of shorebird abundance at Kelly's Slough National Wildlife Refuge.
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Table 4. Maximum single counts of invertebrates at Kelly's Siough National Wildlife Refuge, 2000-2002.
Common Name Order Family Number Date (mm-yy)
Horsehair Worm Nematophora Gordiidae 155 Sep-02
Pond Snail Gastropoda Lymnaidae 556 Apr-02
Pouch Snail Gastropoda Physidae 132 May-02
Orb Snail Gastropoda Planorbidae 380 Aug-00
Hydrobiids Gastropoda Hydrobiidae 134 May-02
Aquatic Earthworm Annelida Lumbricilidae 9 Jun-00
Water Mite Hydrachnida Hydrachnidae 7 May-02
Mayfly Ephemeroptera Baetidae 71 May-00
Damselfly Odonata Lestidae 24 Jun-02
Dragonfly Odonata Aeshnidae 17 Sep-02
Water Boatmen Heteroptera Corixidae 3857 Sep-00
Backswimmer Heteroptera Notonectidae 6 Jul-02
Short-legged Water Strider Heteroptera Velidae 18 Sep-02
Water Treader Heteroptera Mesovelidae 3 Aug-02
Diving Beetle Coleoptera Dytiscidae 46 Aug-00
Whirligig Beetle Coleoptera Gyrinidae 109 Jun-02
Crawling Water Beetle Coleoptera Haliplidae 17 Aug-00
Long-toed Water Beetle Coleoptera Dryopidae 165 Aug-02
Riffle Beetle Coleoptera Elmidae 285 May-02
Weevil Coleoptera Curculionidae 14 May-02
Water Scavenger Beetle Coleoptera Hydrophilidae 39 Jun-02
Biting Midge Diptera Ceratopogonidae 208 May-02
Phantom Midge Diptera Chaoboridae 23 Jun-00
Blood Worm Diptera Chironomidae 1810 Jul-00
Mosquito Diptera Culicidae 264 Jun-02
Dixid Midge Diptera Dixidae 49 Jun-02
Horsefly Diptera Tabanidae 4 May-02
Black Fly Diptera Simuliidae 14 May-02
Crane Fly Diptera Tipulidae 18 May-02
Shore Fly Diptera Ephydridae 148 Sep-00
Muscidae Diptera Muscidae 161 May-02
Soldier Fly Diptera Stratiomyidae 166 May-02
Rat-tailed Maggots Diptera Syrphidae 19 Sep-02
Freshwater Shrimp Amphipoda Gammaridae 503 Jul-02
Freshwater Shrimp Amphipoda Talitridae 192 Jun-02
Seed Shrimp Ostracoda Cyclocyprididae 2235 Jun-02
Water Flea Cladocera Daphniidae 6548 Jun-02
Water Flea Cladocera Bosminidae 453 May-00
Copepod Copepoda Diaptomidae 6070 Jun-02
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Table 5. Abundances (no. of each family sampled/year) of invertebrates and family compositions 
(% of total no. of sampled invertebrates/year) at Kelly's Slough National Wildlife Refuge, 2000-2002.
High Occurrence (>1000)
Family 2000 2001 2002 Mean
n % n % n % n %
Daphnidae 4,396 15 16,920 37 29,863 56 17,060 40
Diaptomidae 640 2 5,453 12 10,072 19 5,388 13
Cyclocyprididae 4,802 16 8,070 18 2,628 5 5,167 12
Corixidae 8,153 27 2,887 6 1,744 3 4,261 10
Chironomidae 5,892 20 3,225 7 2,033 4 3,717 9
Lymnaidae 1,185 4 1,935 4 980 2 1,367 3
Gammaridae 827 3 1,508 3 1,972 4 1,436 3
Planorbidae 1,079 4 837 2 1,099 2 1,005 2
Total 26,974 90 40,835 90 50,391 95 39,400 92
Medium Occurrence (100-500)
Family 2000 2001 2002 Mean
n % n % n % n %
Gordiidae 344 1 421 1 466 1 410 1
Bosminidae 565 2 508 1 0 0 358 1
Muscidae 138 0 496 1 386 1 340 1
Culicidae 318 1 209 0 386 1 304 1
Ceratopogonidae 217 1 339 1 321 1 292 1
Elmidae 249 1 480 1 117 0 282 1
Hydrobiidae 91 0 370 1 146 0 202 0
Ephydridae 260 1 72 0 175 0 169 0
Physidae 38 0 246 1 138 0 141 0
Stratiomydiae 29 0 222 0 122 0 124 0
Dytiscidae 127 0 157 0 75 0 120 0
Dryopidae 20 0 0 0 313 1 111 0
Total 2,396 8 3,520 8 2,645 5 2,854 7
Low Occurrence A O O V-
/
Family 2000 2001 2002 Mean
n % n % n % n %
Talitridae 50 0 194 0 0 0 81 0
Gyrinidae 66 0 171 0 7 0 81 0
Hydrophilidae 86 0 83 0 25 0 65 0
Dixidae 6 0 185 0 0 0 64 0
Tipulidae 35 0 36 0 43 0 38 0
Ephemeroptera 74 0 1 0 7 0 27 0
Simulidae 21 0 40 0 13 0 25 0
Zygoptera 16 0 16 0 40 0 24 0
Chaoboridae 44 0 11 0 9 0 21 0
Haliplidae 25 0 5 0 21 0 17 0
Hydracarina 15 0 16 0 12 0 14 0
Velidae 0 0 19 0 24 0 14 0
Curculionidae 7 0 25 0 8 0 13 0
Syrphidae 0 0 12 0 24 0 12 0
Lumbricilidae 21 0 4 0 0 0 8 0
Anisoptera 1 0 18 0 3 0 7 0
Tabanidae 2 0 6 0 9 0 6 0
Notonectidae 0 0 10 0 0 0 3 0
Mesovelidae 2 0 4 0 0 0 2 0
Total 471 2 856 2 245 0 524 1
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abundant family in 2000 and made up an overall average of 10% of the invertebrates 
counted. Diaptomidae and Cyclocyprinidae were also very abundant comprising 13% 
and 12%, respectively, of the total community by number (Table 5).
The medium frequency category (100-500 invertebrates each year) had 12 
families. Combined, these 12 families made up an average of 7% of the total invertebrate 
population. Nineteen additional families were in low abundance (<100 invertebrates each 
year). They made up only 1% of the total invertebrate community by number (Table 5).
The total three year average number of invertebrates counted was 43,468 (Table 
6). The largest number of invertebrates was sampled in 2002. There were 15% more 
invertebrates in 2002 when compared to the total number of invertebrates in 2001 and 
44% more than the number in 2000. June had the highest monthly mean and contributed 
28% of all invertebrates counted. July and September combined accounted for 38% of all 
invertebrates. The month of April had the lowest percentage of invertebrates at 5%.
Year to year variation in bi-weekly samples was observed. For example, during 
the second sample in June, there were 3122 invertebrates counted in 2000, 12,917 in 
2001 and 8262 in 2002 (Table 6). Invertebrate numbers peaked in June during 2001 and 
2002, but not until September in 2000 (Fig. 4). All 3 years showed a smaller peak 
occurring between the end of August and early September.
The combined linear estimate for invertebrates shows a peak in abundance at the 
end of June (Fig. 5). Invertebrate abundances drop during the month of July and increase 
again during mid-to-late August and peaks during early September. The September peak 
in abundance is approximately 30% lower than the peak occurring in June (Fig. 5).
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Table 6. Number of invertebrates sampled at Kelly’s Slough National Wildlife Refuge.
Weekly Monthly
Date 2000 2001 2002 Mean Mean
n % n % n % n % n %
15 Apr 1431 3 2711 5 2071 5 2071 5
7 May 681 2 865 2 5402 10 2316 5
21 May 1859 6 3888 9 5169 10 3639 8 5955 14
7 Jun 1500 5 2887 6 8420 16 4269 10
21 Jun 3122 10 12917 29 8262 16 8100 19 12369 28
7 Jul 2458 8 2690 6 7875 15 4341 10
21 Jul 3098 10 2953 7 5192 10 3748 9 8089 19
7 Aug 3909 13 2760 6 2148 4 2939 7
21 Aug 3902 13 6156 14 1573 3 3877 9 6816 16
7 Sep 5656 19 4674 10 4146 8 4825 11
21 Sep 3656 12 3990 9 2383 4 3343 8 8168 19







Figure 5. Combined estimate of invertebrate abundance.
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Community Diversity
A total of 30 different shorebird species was counted during the survey period 
from April to September. Species richness did not vary largely across years. I counted 
24 different species in 2000, 25 species in 2001 and 28 species in 2002.
Combining years, there was an average monthly richness of 19 species. July had the 
highest species richness with an average of 22 species followed by May with an average 
of 21. April had the lowest average species richness with 15 species (Table 7a). Species 
evenness ranged from 0.54 to 0.64 across months with a monthly average evenness value 
of 0.61. Species evenness was the same for April and May and just slightly lower in June 
and July. August and September had the lowest evenness values (Table 7a). A 
calculation of monthly species diversity yielded an average monthly diversity index of 
1.78. May and July had the highest indices while September had the lowest index (Table 
7a).
A total of 39 invertebrate families was counted during the three year survey 
period. The total family level richness for 2000 and 2001 was 36 families, whereas in 
2002, 33 families were counted. May and June had the highest average family richness 
with 35 families (Table 7b). April had the lowest richness value of 25 families. Family 
level monthly evenness values averaged 0.54 (range = 0.49 to 0.61). Evenness values 
were lowest in June and July and highest in August (Table 7b). A calculation of monthly 
family diversity showed an average diversity index of 1.87. August and September had 
the highest indices and April and July had the lowest indices (Table 7b).
43






































Richness = Number of shorebird species or invertebrate families observed 
Evenness = Shannon Diversity Index/ln number of species 
Shannon Index of Diversity = - 2 P,(lnP[)
Pi = Proportion of individuals of the total sample belonging to the ith species
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Seasonal Trends in Shorebird and Invertebrate Abundances 
The combined shorebird abundance estimate (see Fig. 3) and the combined 
invertebrate abundance estimate (see Fig. 5) were graphed (Fig. 6). The invertebrate 
abundance estimate shows a peak occurring near the last week in June with over 7000 
invertebrates. From late June-early July, as invertebrate estimates decrease, there was a 
marked increase in shorebird numbers to their peak during the third week in July. This 
decrease in invertebrate numbers continues through August and begins to increase in 
early September to nearly 5000 invertebrates as the number of shorebirds has decreased. 
The two-tailed Spearman's ranked correlation yields a coefficient value of -0.478 (n =
18, p = 0.022).




The data collected during this project fill a void of knowledge concerning 
migratory shorebirds in the northern plains prairie pothole region (Brown et al. 2001; 
Skagen and Thompson 2000). The Western Hemisphere Shorebird Reserve Network, a 
worldwide shorebird conservation group, describes a shorebird site of regional 
significance as one that has an annual shorebird population of 20,000 birds. 
Documentation of 30 shorebird species and relative abundances averaging over 36,000 
shorebirds over a three year period indicate the importance of KSNWR for migratory 
shorebirds. Despite fluctuations in the total number of shorebirds counted within and 
among years, KSNWR supported a regionally significant population of migratory 
shorebirds each year of the study.
Consistently high shorebird abundances indicate that KSNWR is an important 
traditional stopover site for many species. A traditional stopover site is a site that is used 
by migratory shorebirds during consecutive years (Skagen and Thompson 2000). During 
some weeks, a single shorebird species makes up the majority of shorebirds counted. For 
example, during the third week in May 2002, over 2200 Dunlin stopped at the refuge to 
feed (Table 1). Dunlin abundance during this time in May ranged from over 500 birds in 
2000 to over 1100 birds in 2001. In early June 2002, over 1150 White-rumped 
Sandpipers foraged on invertebrates. Many shorebird species such as the Semipalmated 
Sandpiper, American Avocet, Pectoral Sandpiper (Calidris melanotos), and Stilt 
Sandpiper were found in high abundances at the refuge every year of the study period 
(Table 2). These consistently high abundances indicate that significant segments of these
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migratory species populations use the refuge as a stopover site en route to nesting 
grounds in the Arctic.
While a few species make up a majority of the shorebird community, detection of 
the presence of rare species is very important for management. Rare species such as the 
Piping Plover do stop at the refuge in early May if suitable habitat is available. Ten 
additional shorebird species are listed as "species of highest concern" by the U.S. 
Shorebird Conservation Plan (Brown et al. 2001). Three of these species, the Wilson's 
Phalarope, Marbled Godwit, and Short-billed Dowitcher have a medium to high 
frequency of occurrence at the refuge (Table 2). The remaining seven species, although 
irregular, all use the refuge as well. These seven species include the American Golden- 
Plover (Pluvialis dominica), Buff-breasted Sandpiper (Tryngites subruficollis), Solitary 
Sandpiper (Tringa solitaria), Hudsonian Godwit (Limosa haemastica), Ruddy Turnstone, 
Red Knot, and Sanderling (Calidris alba). Many shorebird species found in low 
abundance were sighted during peak migration periods in the spring and fall.
A comparison of shorebird numbers across years shows large fluctuations during 
the same week from one year to the next related to variation in climate and water levels at 
the refuge. In general, as the amount of mudflat and shallow water habitat increased, the 
number of shorebirds at the refuge increased. For example, during the week of 18 May 
shorebird numbers ranged from over 2300 birds in 2000 to only 112 birds in 2002 (Table 
3, Fig. 2). May of 2000 was considerably warmer and drier than the month of May 
during 2001 and 2002. I estimated that approximately 50% of the refuge held mudflat 
and shallow water during the week of 18 May in 2000, while mudflat and shallow water 
comprised only 12% of the refuge during the same time period in 2002. In mid-June
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2000, a 100 year flood deluged the refuge and water levels remained high for a period of 
three weeks. Very little mudflat and shallow water was available for shorebirds and 
abundances fell to as few as 22 shorebirds compared to 235 shorebirds during the same 
time period in 2001 and 57 shorebirds in 2002. Thus, variation in environmental 
conditions at the refuge can result in annual fluctuations in shorebird numbers from year 
to year and week to week (Fig 2). A limited or time-constrained census, such as a single 
day spring count can lead to highly biased results and lack of documentation of rare, low 
abundance species.
Documentation of shorebird abundance in the northern plains prairie pothole 
region can be challenging due to the dynamic environment and fluctuating water levels 
and quick response of shorebirds to these high and low water levels (Rundle and 
Fredrickson 1981, Hands et al. 1991). These conditions make it difficult to predict 
shorebird use at any given site across years. This study combined three years of 
shorebird abundance data into a single combined estimate of shorebird abundance at the 
refuge providing a barometer of migratory shorebird health in the region (Fig 3). The 
combined estimate compensates for anomalous environmental conditions and gives some 
predictability in seasonal trends of shorebird abundance that is necessary for effective 
shorebird management. The combined estimate of abundance shows peak shorebird 
numbers occurring in July, August and May (Fig 3). These three months combined 
account for 83% of all shorebirds counted at the refuge.
Water levels in the site pools may be manipulated to maximize foraging areas just 
prior to peak migration periods (approximately 20 May and 25 July for KSNWR). 
Predictive management techniques may be utilized, rather than reactive actions taken
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after evidence of a major migration is upon the site. Shorebird abundance estimates 
provide the link between specific management actions at the local level and broad 
conservation efforts across the northern plains prairie pothole region and beyond. 
Resource managers at stopover sites throughout the midcontinent could communicate 
through linear estimates to determine expectations for future major movements of 
migratory shorebirds. By networking stopover sights in this fashion, a holistic 
management perspective may be gained by all managers along the migratory pathway, 
leading to a more comprehensive conservation strategy.
Invertebrate Abundances
An important factor in the conservation and management of shorebirds is the 
maintenance of sufficient invertebrate food resources at migratory stopover sites (Brown 
et al. 2001; Helmers 1992). Prominent prey taxa of shorebirds include Corixidae, 
Ostracoda, and Coleoptera (Baldassare and Fischer 1984; Davis and Smith 1998; Skagen 
and Oman 1996). Chironomids are especially preyed upon throughout the migration 
corridor and Davis and Smith (1998) noted the percentage of chironomids ranged from 
44 to 77% of the shorebird’s total intake. Management specifically for chironomids 
should be considered, but is not necessary. Previous research indicates that shorebirds 
are opportunistic feeders and exhibit considerable dietary flexibility (Baldassare and 
Fischer 1984, Davis and Smith 1998, Skagen and Oman 1996). The presence of a 
particular type of invertebrate may not be as important as having an abundance of 
invertebrates available.
Data collected on the invertebrate taxa at the refuge show 39 families present at
the refuge and maximum single counts of Corixidae (Water Boatmen), Chironomidae
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(Blood Worm), Ostracoda (Seed Shrimp), Cladocerans (Water Fleas), and Copepoda 
(Copepods) reach several thousand (Table 4). Eight families make up an average 92% of 
all invertebrates counted and all of these high abundance species are considered primary 
prey species for shorebirds (Table 5). Chironomids made up an average 9% of all 
invertebrates sampled indicating that a variety of invertebrate prey are available to 
migratory shorebirds at the refuge.
A three year average abundance estimate of over 43,000 invertebrates was 
recorded for KSNWR (Table 6). This is comparable to previous research at limited sites 
within the refuge (Price 1998). The higher number of invertebrates found in 2002 could 
be attributed to faster processing of samples. Many samples in 2000 and 2001 were 
frozen, and washed and sorted at a later time. This delay in processing may have led to 
faded, unmoving specimens and a decreased number of observed invertebrates in each 
sample. In 2001, fewer samples were frozen , with no samples frozen in 2002.
A comparison of invertebrate abundances across years shows some variation 
during the same sampling period from year to year (Fig 4). Overall, invertebrate numbers 
for 2001 and 2002 were comparable (Fig. 5). Invertebrate numbers peaked in June of 
2001 and 2002, but not until September during 2000. This could be attributed to the very 
high water levels in 2000 from mid-June until early July following a 100 year flood in the 
refuge area. Neckles et al. (1990) found invertebrate abundances declined during longer 
periods of flooding due in part to decreased amounts of vegetation available for detritus. 
Future management of shorebirds at KSNWR needs to account for potential decreases in 
invertebrate abundances following periods of flooding, which could result in an overall 
decrease in food availability to migratory shorebirds.
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Community Diversity
In addition to the large numbers of birds using the refuge, 83% of all shorebird 
species found in the entire northern plains prairie pothole region were observed during 
the three year survey period. In documenting species richness across the years, only six 
shorebird species that are considered present in the northern plains/prairie pothole region 
were not detected. Of these six species, two are considered rare and two have not been 
reported in Grand Forks County (Freeberg et al. 2000). For invertebrates, species 
richness was highest in May and June, and generally mirrored results from previous 
invertebrate research at KSNWR (Price 1998).
The Shannon diversity indices for shorebirds at the refuge ranged from a low of 
1.58 in September and a high of 1.95 in May. During fall migration in July, over 11,000 
shorebirds (Table 3) were observed on average at KSNWR with a diversity index of 1.94. 
Spring migration in May saw an average of nearly 6000 shorebirds (Table 3) with an 
index of 1.95. In comparison, Shannon diversity indices for an area on the Texas Gulf 
coast ranged from a low of 1.44 in August to a high of 3.22 during fall migration in 
September and October. The high indices during September and October corresponded 
with shorebird numbers of approximately 4700 birds (Withers and Chapman 1993).
Indices of diversity for invertebrates were highest in August and September and 
low in June (Table 7). The relatively lower indices during June can be attributed to large 
blooms of Copepoda, Cladocera, and Ostracoda that followed heavy rains. In general, 
communities with a large number of few species typically have lower diversity indices 
(Smith 1992). KSNWR shorebird and invertebrate populations were comprised of large 
numbers of few species and taxa. For example, 20%, (8 of 39 families) of invertebrates
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made up 92% of all invertebrates counted and 10 of 30 shorebird species made up 94% of 
all shorebirds counted. Species diversity can, however, be influenced by a number of 
factors operating on local, regional and national levels, and thus are only relative 
descriptors of a community. The diversity indices calculated for KSNWR during this 
study are meant to add to the general knowledge about the community and provide 
baseline information for future examination and interpretation.
Seasonal Trends in Shorebird and Invertebrate Abundances
A comparison of invertebrate and shorebird abundance estimates shows a 
significant negative relationship (Fig. 6). Seasonally, invertebrate abundances decrease 
as shorebird abundances increase. This seasonal trend has been previously described in 
Massachusetts (Schneider and Harrington 1981) and other research indicates that 
shorebirds can play a substantial role in prey depletion at stopover sites (Davis and Smith 
1998; Mercier and McNeil 1994; Mihuc et al. 1997; Szekely and Bamberger 1992; Yates 
et al. 1993).
Models of predation originally described by Lotka (1925) and Volterra (1926) 
describe predator prey relationships as a series of oscillations. As the predator population 
increases, the prey decreases to a point where the trend is reversed. Refining the original 
concept by Lotka and Volterra, others have described distinct responses of predators to 
changes in prey density as either functional or numerical (Beddington et al. 1976; Hassell 
1966; Holling 1959; Soloman 1949). One numerical response is described as a change in 
abundance of predators as predators move in and out of an area in response to prey 
abundances. Numerical responses typically exhibit a time lag and should only be
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considered a true response when predators move into an area from some distance 
(Beddington et al. 1976; Hassell 1966; Ricklefs 1983; Smith 1992).
From my research, it can be argued that the bloom in invertebrate numbers 
occurring in June attracts feeding shorebirds, eventually resulting in a seasonal depletion 
of invertebrate abundance. This is a classic numerical response of predators to changes 
in prey density. Evidence to support this argument was the significant negative 
relationship between shorebird and invertebrate abundance in this study (Fig. 6), seasonal 
depletion results noted by Schneider and Harrington (1981), and invertebrates being a 
well-established prey base for shorebirds (Mihuc et al. 1997; Mercier and McNeil 1994; 
Schneider and Harrington 1981; Szekely and Bamberger 1992; Yates et al. 1993). 
Shorebirds arriving at KSNWR in June and July are primarily arriving from far-off 
breeding areas in the Arctic, so a time lag between peak numbers of shorebirds and peak 
numbers of invertebrates would be expected, consistent with a numerical response. The 
rebound in invertebrate numbers commensurate with the decline in shorebird numbers 
during September signals the point where the trend is reversed (Fig. 6).
The marginal value theorem described by Chamov (1976) and Parker and Stewart 
(1976) lends insight into the fluctuations of the shorebird and invertebrate abundance 
estimates. This theorem states that when foragers initially arrive at a patch, they have a 
high rate of resource extraction and energy gain. As time progresses, the abundance of 
the resource declines to a point that it is no longer profitable for the foragers to remain. 
The resource now has only marginal value. The initial fall migrants arriving at the refuge 
in mid-to late June likely experienced a high rate of energy gain when invertebrate 
numbers were at their peak (Fig. 6). As the number of fall migrants increases, the
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depletion of prey continues until mid-to late July when invertebrate abundances reach 
marginal levels. At this point, it was no longer profitable for shorebirds to continue 
foraging, and shorebird numbers began to decline.
As with Schneider and Harrington (1981), I am unable to conclusively say that 
predation by shorebirds caused the decline in invertebrates observed, and that the lack of 
predation allowed for the observed rebound of invertebrate numbers at the end of the 
season. The veracity of these arguments remains unclear without further research to rule 
out competing explanations. Seasonal depletions in invertebrate abundances may occur 
during late June and early July regardless of shorebird predation. Exclosure studies may 
be one approach to elucidate seasonal patterns in invertebrate abundance, although these 
studies have had limited success, especially in soft bottom and shallow water areas 
(Mihuc et al. 1997; Mercier and McNeil 1994; Quammen 1981; Schneider and 
Harrington 1981; Szekely and Bamberger 1992; Yates et al. 1993). It should not be 
overlooked, however, that a statistically significant relationship was observed under 
natural conditions, and this dynamic relationship exhibits characteristics of basic 
ecological predator-prey interactions.
CHAPTER 3
SHOREBIRD MIGRATION PATTERNS IN THE NORTHERN PLAINS PRAIRIE 
POTHOLE REGION OF NORTH DAKOTA
Introduction
Shorebirds, aerodynamically equipped with streamlined bodies and long tapered 
wings, undertake some of the longest distance migrations in the animal kingdom 
(Morrison 1984). Species like the White-rumped Sandpiper (Calidris fuscicollis) and 
Pectoral Sandpiper (Calidris melanotos) travel to the ends of the earth from breeding 
areas in the Arctic to wintering areas at the tip of South America (Brown et al. 2001).
A flyway can be considered the area used by a shorebird population as it moves 
between its breeding and wintering grounds (Morrison et al. 2001). The majority of 
shorebirds use migration pathways or flyways oriented in a north/south direction. Most 
shorebirds fly along relatively narrow corridors on both the Atlantic and Pacific coasts 
and along a broader front sweeping through the interior of North America (Morrison 
1984). The Interior Flyway in the midcontinent covers a broad geographical area 
bordered by the Rocky Mountains on the west and the Mississippi River basin on the east 
and includes most of the Central and Mississippi Flyway used in waterfowl terminology 
(Lincoln 1952; Skagen et al. 1999).
Typically, shorebirds using the midcontinental corridor fly short distances and 
forage at stopover sites in a short amount of time, moving to various wetlands scattered 
throughout the region (Skagen et al. 1999). Because these wetlands can be ephemeral,
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shorebirds cannot depend on a few key staging areas like they do along the coasts. There 
are fewer bottlenecks in the midcontinent and a general interspersion of shorebirds across 
the entire region (Skagen and Knopf 1994b).
Regions of the midcontinent support different assemblages of shorebirds in part 
due to variations in migration routes. Some shorebird species fly one migratory pathway 
in the spring and a different route in the fall (Skagen 1997). One example is the elliptical 
clockwise migration route used by Semipalmated Sandpipers (Calidris pusilla), White- 
rumped Sandpipers and Hudsonian Godwits (Limosa haemastica). These shorebirds 
generally follow an inland pathway during northbound migration and an Atlantic coastal 
pathway during southbound migration as reported in banding and morphological studies 
(Gratto-Trevor and Dickson 1994; Harrington and Morrison 1979; Senner and Martinez 
1982). A similar elliptical migration shows species moving northbound along the Pacific 
coast, breeding in the Arctic or Alaska and then flying southbound down through the 
interior of the United States (Gill 1994).
At various sites within the Interior Flyway, different assemblages of shorebirds 
can be observed because of variations in migratory distance traveled and length of stay at 
each stopover site along the migratory pathway (Skagen 1997). Shorebirds, like Dunlin 
('Calidris alpina), fly farther distances, stop fewer times to forage, and bypass the central 
portion of the mid-continent (Skagen and Knopf 1993). Killdeer (Charadrius vociferous) 
travel short distances, stop many times to feed and can be observed at many locations 
throughout the mid-continent (Skagen et al. 1999).
Shorebirds migrating through the interior of the United States typically show two 
general patterns of movement (Skagen et al. 1999). Some quick passage species, like the
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Hudsonian Godwit, move through the country’s interior in a relatively short period of 
time, 30-45 days, in April and May. Quick passage species are observed at varying 
locations throughout the midcontinent, regardless of latitude, stopping or falling out of 
migration to forage whenever it becomes necessary (Skagen et al. 1999). For example, 
Hudsonian Godwits could be observed the first week in May in Kansas, South Dakota or 
North Dakota. In general, quick passage shorebird species fly longer distances at one 
time (Wamock and Bishop 1998). Other shorebirds, such as the Stilt Sandpiper (Calidris 
himantopus) and Semipalmated Sandpiper, move through the midcontinent more slowly 
usually reaching the breeding areas in 45 or more days (Skagen et al. 1999). Gradually 
arriving species typically move north with increasing passage of time and would be 
observed in Texas in March, Kansas in April, and North Dakota in May. Gradually 
arriving species tend to fly shorter distances and make more stops to forage (Piersma 
1987).
Peak spring migration differs by region and species (Brown et al. 2001; Helmers 
1992; Skagen et al. 1999). Shorebird species of similar sizes that belong to the same 
foraging guild and exploit similar habitats tend to migrate at different times. Skagen and 
Knopf (1994a) compared peak spring migration of three small shorebird species from the 
same foraging guild, the Baird's Sandpiper (Calidris bairdii), Semipalmated Sandpiper, 
and White-rumped Sandpiper, at Cheyenne Bottoms in Kansas. All three species 
exhibited separate and distinct peak migration times (Skagen and Knopf 1994a).
Spring migration periods are typically shorter than fall migration periods and 
begin as early as February and March as shorebirds leave wintering areas in South 
America and arrive in the southern United States (Morrison 1984). Most shorebirds
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arrive on breeding areas in northern North America by late May or early June (Skagen 
1997). Davis and Smith (1998) found spring migration lasted, on average, 8.25 weeks, 
while fall migration was nearly 13 weeks in the Playa Lakes Region of west Texas. 
Researchers in Arkansas also reported longer fall migrations compared to spring 
migrations (Smith et al. 1991). Southbound migration through the interior of the United 
States can begin as early as June in the northern parts of the United States with peak 
migration occurring any time between July and September depending on latitude 
(Helmers 1992; Skagen and Knopf 1993).
Males, females and young typically have a staggered departure from breeding 
areas, lengthening the fall migration period. For many species of shorebirds, females 
begin southbound migration once chicks hatch on the breeding grounds (Schneider and 
Harrington 1981). Depending on which sex provides parental care of the young, at least 
one parent will stay with the chick for 2-6 weeks until juvenal plumage is complete, after 
which southbound migration begins for all adults. Young of the year remain on the 
breeding grounds for several additional weeks building up fat reserves before their first 
migration (Morrison 1984). In general, timing of juvenile migration is 3-4 weeks after 
the adults (Helmer 1992).
Thus, timing and length of migration, periods of peak abundances and actual 
assemblages of shorebirds all vary at each stopover site along the midcontinental 
pathway. Because of these differences, it is important to establish where and when 
shorebird species stop at various foraging sites. Each stopover site is just one part of an 
integrated and highly organized system used by shorebirds to obtain an almost continual 
supply of food while moving from latitude to latitude (Schneider and Harrington 1981).
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Effective conservation for shorebirds will remain challenging until data on migration 
chronologies of each species and at each stop along the pathway is collected. This 
information can be used in a broad, integrated approach to management for shorebirds 
and is essential to facilitate stable and self-sustaining shorebird populations (Oring et al. 
2000; Skagen 1997).
Kelly’s Slough National Wildlife Refuge (KSNWR) is located within the 
midcontinental pathway for migratory shorebirds. For this stopover site, information on 
shorebird species present, timing of migration, and number of spring and fall migrants 
were lacking or out-dated. Historically, the refuge has been recognized as an important 
stopover site for thousands of migratory shorebirds (Freeberg et al. 2000), but published 
studies list the number of fall migrants in eastern North Dakota as only 100-1000 (Skagen 
and Knopf 1993). Without documented use of the refuge by migratory shorebirds, this 
stopover site would continue to be ignored in large scale shorebird management decisions 
and actions.
During this project, overall spring and fall migration chronologies for the 16 most 
abundant shorebird species observed at KSNWR were formulated. Individual shorebird 
species were identified as primarily spring migrants, fall migrants or both spring and fall 
migrants. I also wanted to determine if an overlap between northbound and southbound 
migrants could exist at the refuge due to its northerly location. Any overlap that 
potentially existed would occur during the month of June when the last of the northbound 
migrants would be observed. In addition, all shorebird species were categorized by their 
estimated distance of migration from breeding to wintering areas, long (<14,000 km), 
intermediate (6,000 -  12,000 km), or short (<5,000 km), to describe any unique
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assemblages of shorebirds that may be using KSNWR. Lastly, I wanted to see if timing 
of migration differed for species within similar foraging guilds. Temporal patterns for 
shorebird species of similar foraging guilds was examined to see if timing of migration 
differed for species that utilize the same habitat.
Study Area
This project was conducted entirely at KSNWR which lies in the Northern Plains 
Prairie Pothole Region of the United States. This region includes all or parts of seven 
states (eastern Montana, northeast Wyoming, western Minnesota, north central Iowa, a 
small part of northeast Nebraska, South Dakota, and North Dakota). The prairie 
pothole region consists of thousands of potholes or scattered depressions. These 
depressions are primarily the result of glaciation events that occurred during the 
Pleistocene Epoch. The last glaciers retreated from the region approximately 12,000 
years ago, leaving behind many small and sometimes ephemeral wetlands or sloughs 
surrounded by prairie grasses or croplands. They range in size from less than 0.4047 
hectares to more than 4,047 hectares (Euliss et al. 1999).
KSNWR is located approximately 13 km west and 4.8 km north of the city of 
Grand Forks, North Dakota in Grand Forks County (Fig. 7). The refuge lies in the 
northeast portion of North Dakota in the Red River Valley. The Red River Valley 
stretches 48-64 km westward from the border between Minnesota and North Dakota and 
extends north to the Canadian border and south to the South Dakota state line. This 
valley, previously formed by glacial Lake Agassiz, has smooth, almost level topography 
described as low-relief lake plain flatlands. Soils in the Red River Valley region range 





Figure 7. Kelly s Slough National Wildlife Refuge, Grand Forks County, North Dakota.
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Some of these areas with poorly drained saline soil are found in the refuge. These plots 
of land have a high water table offering good potential for shallow water wildlife habitat 
(Kelly’s Slough Project Plan of Action 1990).
KSNWR was established in 1936 as a breeding area and preserve for migratory 
birds and other wildlife. Current habitat includes approximately 1,605 hectares of refuge 
land surrounded by over 16,000 additional hectares. Highly erodible cropland and 
grassland retired under the Conservation Reserve Program and in private ownership make 
up the bulk of the additional acreage (13,885 hectares). Federal Waterfowl Production 
Areas, North Dakota Game and Fish Department Lands, and North Dakota State School 
lands comprise the remaining several thousand acres. Within the refuge are eight pools 
ranging from approximately 3 hectares to over 162 hectares in size. All of the pools but 
one, are equipped with various water control structures that allow refuge personnel to 
manipulate water levels for waterfowl and other wetland species (Kelly’s Slough Wildlife 
Project Plan of Action 1990).
Methods
Shorebird counts were conducted for three consecutive field seasons beginning in 
2000 and ending in 2002. Each field season was from 1 April to 30 September. Based 
on recommendations from personnel at the International Shorebird Surveys of Manomet, 
Massachusetts, counts were done approximately every 7-9 days (Corven 2000). To 
facilitate species identification, all counts were conducted in the morning or afternoon in 
full sunlight or limited cloud cover. A complete survey of each of eight pools located 
within the refuge was done on a single day, when time permitted; complete surveys 
decreased the risk of counting the same birds twice.
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Every attempt was made to accurately record all shorebird species present in each 
of the eight pools. To decrease disturbance to foraging shorebirds, observations were 
made from the farthest distance that still allowed accurate species identification. 
Depending on the topography and layout of each pool, observations were made either 
from a single point offering views of the entire pool or along a line transect that allowed 
views of the entire pool. Depending on the pool and the distance of shorebirds from the 
vantage point, observations were made either on foot or by vehicle with 8 x 42 binoculars 
or 15 x 60 spotting scope. Shorebirds were recorded as adult or juvenile (if juvenile 
identification was possible) and in breeding or winter plumage (Hayman et al. 1996; 
Sibley 2001).
To obtain accurate information on migration chronologies of specific shorebird 
species, each pool was observed approximately 2-3 times in between census counts. 
Arrival and departure dates of specific species were used to develop species migration 
chronologies. The refuge was surveyed beginning mid-March and extending into mid- 
October to document first spring arrivals and last fall departures.
To see if a temporal break existed between northbound and southbound migrants 
at the refuge, species composition during each week of June was documented. It is well- 
established that the White-rumped Sandpiper is a late spring migrant and could still be 
moving north through KSNWR in June (Harrington et al. 1991; Helmers 1992; Morrison 
1984; Skagen et al 1999; Skagen and Knopf 1993). Less certain, is which shorebird 
species could be southbound migrants in June, as data on timing of southbound migration 
in the northern plains prairie pothole region is scarce. Throughout the month of June, 
shorebirds observed at the refuge were described as either a northbound migrant,
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southbound migrant or a breeding species. Criteria for these descriptions were based on 
information from prior research and Grand Forks county checklists (Freeberg et al. 2000; 
Harrington et al. 1991; Helmers 1992; Morrison et al. 2001; Skagen et al. 1999). For 
example, a breeding species was a species that was known to breed in the area; a 
northbound migrant was a known migratory species in the area and that had already 
reached a peak in abundance prior to the first week in June and was decreasing in 
abundance; a southbound migrant was a known migratory species that was increasing in 
abundance from a period of low abundance occurring sometime during May or June. 
Using this criteria and relative abundances of the shorebird species observed at the refuge 
during June, a temporal break, if any, between spring and fall migration was estimated.
All shorebirds observed at the refuge were classified into groups by migration 
distance, short, intermediate, and long, based on a migration distance index defined in 
Skagen and Knopf (1993). Short distance migrants are those species traveling on average 
< 5,000 km from wintering to breeding areas. Intermediate distance migrants travel on 
average 6,000-12,000 km, whereas long distance migrants fly more than 14,000 km 
before stopping. Once categorized, the percentage of short, intermediate and long distant 
migrants for the spring and fall migration period was calculated. I used an R x C test of 
independence using a G-test to see if the frequency of short, intermediate, and long 
distance migrants was independent of the spring migration (estimated from 1 April til 15 
June) or fall migration (estimated from 15 June til 30 September).
Shorebirds observed at the refuge were also grouped by foraging guild into 
categories based on Davis and Smith (1998), Harrington (1997), and Helmers (1992). 
Observations of the habitat use of shorebirds at the refuge were used to confirm
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placement of local birds into guilds. The first guild includes species that are visual 
feeders, which typically feed on dewatered mudflats with sparse vegetation. Visual 
feeders are described as terrestrial gleaners but also occasionally glean insects from 
shallow water. Examples of visual feeders include Killdeer (Charadrius vociferous), 
Semipalmated Plover (Charadrius semipalmatus), and Black-bellied Plover.
The second guild, aquatic probers, typically probe for adult and larval insects on 
the surface of the water or just beneath in the mud. Small aquatic probers include Baird's 
Sandpiper, White-rumped Sandpiper, Semipalmated Sandpiper, and Least Sandpiper. 
Examples of medium-sized aquatic probers are Dowitchers (Limnodromus spp.), Stilt 
Sandpiper, Pectoral Sandpiper, and Dunlin (Calidris alpina).
The final group, aquatic gleaners and sweepers, consists of wading birds that walk 
or swim in deeper water hunting food in the water column. This group includes species 
such as Wilson's Phalarope, American Avocet (Recurvirostra americana), Yellowlegs 
(Tringa spp.) and Godwits (Limosa spp.).
The percentage of birds in each guild was calculated and the migration 
chronology for the 4 most abundant species within each foraging guild was graphed to 
identify potential temporal variation among guilds. A Chi Square test was used to 
determine if the number of days until peak abundance for a particular species within a 
guild is different from the number of days until peak abundance for other members of the 
same guild. The tests were run on the four most abundant members of the three different 
foraging guilds for both spring and fall migration. Significance was set at P = 0.05 




In describing the overall trends observed during spring migration, the first 
shorebirds arrived at the refuge on 26 March in 2000, on 10 April in 2001, and on 12 
April in 2002. In 2000, the spring migration period lasted approximately 72 days from 
the last week in March until the first week in June. In 2001 and 2002, the spring 
migration period was slightly shorter, lasting approximately 65 days from the beginning 
of April until the second week in June. The number of shorebirds peaked around 16 May 
in 2000, not until 10 June in 2001, and near 30 May in 2002 (Fig. 8). The three year 
average peak number of birds during spring migration occurred during the week of 30 
May with almost 2200 birds.
Describing specific species present during spring migration, the first northward 
migrants were Killdeer, Lesser Yellowlegs, Baird's Sandpiper, and American Avocets.
All of these species were typically present by 14 April. These four species show a 
gradual spring migration movement; they moved through in relatively low numbers 
consistently during a period of approximately 60 days.
A larger group of species began arriving soon after 15 April and all were present 
at the refuge by the end of April. These species typically moved through more quickly. 
Following a spring migration period of approximately 30-45 days, most were sighted at 
the refuge in only low abundances after 30 May. Species in this grouping include the 
Semipalmated Sandpiper, Least Sandpiper, and Wilson's Phalarope all of which were 
observed in abundances of several hundred throughout the 30-45 day spring migration 












melanoleuca), Willet, and Common Snipe (Gallincigo gallinago) also fell into this 
grouping but occurred in much lower abundances (<100 for the spring migration period). 
The rare appearance of the Piping Plover (Charadrius melodus) in 2002 and a group of 
Sanderlings in 2000 were observed during the last week in April.
The first week in May corresponded with the initial northward migration of 
Dunlin along with the Semipalmated Plovers, Long-billed and Short-billed Dowitchers 
(Limnodromus spp.) and Hudsonian Godwits. These species moved through the refuge 
within 30 days, generally exhibiting a quick passage type of movement. Dunlin had a 
distinct 4 week migration period; they appeared at the refuge the first week in May and 
typically were no longer sighted after 30 May. Concentrations of Dunlin during this 
time period reached several thousand on a single day. Other quick moving late arrivals 
during this time, observed in smaller numbers, included the Ruddy Turnstone (Arenaria 
interpret), Black-bellied Plover, American Golden-Plover (Pluvialis dominica) and 
Black-necked Stilt (Himantopus mexicanus). The very last spring migrant observed was 
the White-rumped Sandpiper. These shorebirds typically had a 3-4 week spring 
migration period beginning around 23 May and continuing until the third week in June; 
they were not sighted at the refuge after 21 June.
The White-rumped Sandpipers and Dunlin were both primarily spring migrants. 
The White-rumped Sandpiper was never observed at the refuge past 21 June and Dunlin 
were only observed in very small numbers (<25) during the 2000 surveys. Dunlin were 
not observed at all during fall migration in 2001 and 2002 (Fig. 9). Although not 
exclusively spring migrants, Least Sandpipers and Baird's Sandpipers were observed in 
high abundances in the early spring of 2000 (Fig. 9).
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Figure 9. Shorebird species with primarily spring migration patterns at Kelly's Slough National Wildlife Refuge.
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Throughout the month of June, abundances of all shorebirds observed at the 
refuge were documented and each species was designated as either a northbound migrant, 
southbound migrant or a breeding species (Table 8). It was determined that an overlap 
did exist between northbound and southbound migrants during 15-21 June. There were 
10 shorebird species present during this time period. Six of those 10 species are known 
to breed in the area, (Wilson’s Phalarope, American Avocet, Killdeer, Willet, Spotted 
Sandpiper and Black-necked Stilt) and were eliminated as either northbound or 
southbound migrants. The White-rumped Sandpiper was observed and was considered a 
northbound migrant because it is a late spring migrant and it does not use the interior 
flyway for southbound migration (Harrington et al. 1991; Helmers 1992; Skagen et al. 
1999). The remaining three species, Greater and Lesser Yellowlegs and Dowitchers 
(Limnodromus spp.) were considered southbound migrants. None of these species are 
known to breed in the area and all three species exhibited a peak in spring migration 
occurring earlier in May. Abundances for all three species climbed during the last week 
in June and peaked in July.
The overall trends for fall migration show the migration period extended from 
approximately 15 June until 15 October lasting a period of 120 days (Fig. 8). This fall 
migration period was 54% longer than the spring migration period. There was less 
variation in peak abundances in the fall than compared to the spring migration. The peak 
abundance for fall occurred on 25 July in both 2000 and 2002 with 7474 and 7823 birds, 
respectively. The peak occurred earlier in 2001 on 11 July with 4396 birds (Fig. 8). The 
average peak number of birds during fall migration (5500) was 40% higher than the 
average peak number during spring (2200).
Table 8. Average number o f shorebirds at Kelly's Slough National Wildlife Refuge during the month o f June, 2000-2002.
1-7 Jun Estimated 8-14 Jun Estimated 15-21 Jun Estimated 22-30 Jun Estimated
Species n Status n Status n Status n Status
Semipalmated Sandpiper 52 northbound 0 0 5 southbound
Lesser Yellowlegs 1 northbound 307 southbound 24 southbound 181 southbound
Wilson's Phalarope 53 breeding 17 breeding 2 breeding 46 southbound
Least Sandpiper 20 northbound 3 northbound 0 1 southbound
Dowitchers * 0 0 1 southbound 10 southbound
Dunlin 1 northbound 0 0 0
Pectoral Sandpiper 3 northbound 0 0 0
Stilt Sandpiper 0 0 0 45 southbound
American Avocet 35 breeding 40 breeding 42 breeding 146 southbound
Greater Yellowlegs 1 northbound 1 southbound 2 southbound 10 southbound
Killdeer 6 breeding 7 breeding 7 breeding 11 breeding
Semipahnated Plover 1 northbound 0 0 0
Marbled Godwit 6 breeding 0 0 0
Baird's Sandpiper 0 0 0 1 southbound
White-rumped Sandpiper 432 northbound 281 northbound 22 northbound 0 southbound
Willet 1 breeding 0 1 breeding 1 breeding
Spotted Sandpiper 1 breeding 2 breeding 1 breeding 1 breeding
Black-necked Stilt 0 0 1 breeding 0
Total 613 658 103 458
*Dowitchers include Long-billed and Short-billed Dowitchers
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The first fall migrants appeared at the refuge on 24 June in 2000, 11 June in 2001 
and 17 June in 2002. The first southbound migrants were Lesser Yellowlegs and Greater 
Yellowlegs. These shorebird species had the longest fall migration period lasting nearly 
4 months from mid-June to mid-October. Other early fall migrants with long migration 
periods include the Baird's Sandpiper, Least Sandpiper, Wilson's Phalarope, and the 
Dowitchers. These species typically arrived around 25 June, peaked in number around 
25 July and were still observed at the refuge until 15 September. The American Avocet 
falls into this grouping as well, but has a slightly longer migration period lasting until 
early October.
The majority of fall migratory species had an average 75 day migratory period 
extending from the beginning of July until early September. The Stilt Sandpiper,
Pectoral Sandpiper, Semipalmated Plover, and Marbled Godwit fall into this group.
These birds all typically peak in numbers during the last week in July. The 
Semipalmated Sandpiper falls into this grouping as well, but has a slightly longer 
migration period extending until the end of September.
One of the species with the shortest fall migration periods includes the Hudsonian 
Godwit, typically observed from 1 August until 30 August. Others include the Black- 
bellied Plover and American Golden-Plover typically sighted only in September. The 
Buff-breasted Sandpiper usually arrives from late August until the end of September. 
Other rare fall sightings include the Red Knot (Calidris canutus), Sanderlings, and Red­
necked Phalarope (Phalaropus lobatus) during peak fall migration the last week in July.
Several species use the refuge primarily for fall migration. These species include 
the Stilt Sandpiper, Long-billed Dowitcher (Limnodromus scolopaceus), Short-billed
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Dowitcher (Limnodromus griseus), and Buff-breasted Sandpipers (Fig. 10). Other 
species such as the Semipalmated Sandpiper, Wilson's Phalarope, Baird's Sandpiper, and 
Pectoral Sandpiper use the refuge during both spring and fall, but are found in much 
larger numbers during the fall migration (Fig. 11).
Migration Distance Categories
Overall, the intermediate distance migratory shorebirds had higher abundances 
than the short distance and long distance migrants. There were 90% more intermediate 
distant migrants than short distance migrants and 80% more intermediate than long 
distant migrants (Table 9). The R x C test of independence showed that the number of 
short distance migrants, intermediate distance migrants and long distance migrants was 
dependent on migration season (spring or fall) y? = 96, 2 df, P <0.001.
A total of 63% of all short distance migratory shorebirds were observed at the 
refuge and include the following seven species: Piping Plover, Killdeer, Black-necked 
Stilt, Willet, American Avocet, Common Snipe, and Marbled Godwit. For total numbers 
of each species counted in this category see Appendix 1 and 2. Four additional short 
distance migrants were not observed (Long-billed Curlew, Snowy Plover, Wilson’s 
Plover and Mountain Plover). The short distance migrants made up an average of 7% of 
the total population of shorebirds (Table 9). The majority (86%) of the short distance 
migrants were observed at the refuge during the fall migration period.
A total of 84% of all intermediate distance migratory shorebirds were observed at 
the refuge and include the following sixteen species: Black-bellied Plover, Semipalmated 
Plover, Greater Yellowlegs, Lesser Yellowlegs, Semipalmated Sandpiper, Least 
Sandpiper, Dunlin, Wilson’s Phalarope, Red-necked Phalarope, Solitary Sandpiper,
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Figure 11. Shorebird species with both spring and fall migration patterns at Kelly's Slough National Wildlife Refuge.
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Short Spring 549 1 342 1 398 1 430 1
Short Fall 898 2 3291 12 1765 4 1985 6
Total Short 1447 4 3633 14 2163 5 2414 7
Intermediate Spring 10080 25 2460 9 6065 14 6202 16
Intermediate Fall 23291 58 15747 60 27424 64 22154 61
Total Intermediate 33371 84 18207 69 33489 78 28356 77
Long Spring 1312 3 934 4 2225 5 1490 4
Long Fall 3737 9 3582 14 4928 12 4082 11
Total Long 5049 13 4516 17 7153 17 5573 16
Grand Total 39867 26356 42805 36343
Short distance shorebirds generally travel <5,000 km from wintering to breeding areas. 
See page 72 for list of short distance migrants.
Intermediate distance shorebirds generally travel 6,000-12,000 km from wintering to 
breeding areas. See page 72 and 76 for list of intermediate distance migants.
Long distance shorebirds generally travel >14,000 km from wintering to breeding areas. 
See page 76 for list of long distance migrants (Skagen and Knopf 1993).
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Spotted Sandpiper, Ruddy Turnstone, Red Knot, Sanderling, and the Dowitchers. Please 
refer to Appendix 3a, 3b, 4a, and 4b for the total number of birds counted for each of 
these species. Three additional intermediate distance migrants were not observed 
(Upland Sandpiper, Whimbrel and Western Sandpiper). The intermediate distance 
migrants made up 77% of all shorebirds counted at the refuge. The majority of 
intermediate migrants were observed in the fall with only 21% of the intermediate 
migrants observed at the refuge during the spring migration.
The long distance migrants made up on average 16% of the total population of 
shorebirds counted at the refuge and every long distance migratory species was observed 
at the refuge during the study. The long distance migrants include the American Golden- 
Plover, Hudsonian Godwit, White-rumped Sandpiper, Baird's Sandpiper, Pectoral 
Sandpiper, Stilt Sandpiper, and Buff-breasted Sandpiper. For total numbers of each 
species counted in this category see Appendix 5 and 6. In comparison with number of 
spring long distance migrants, over half (69%) of the long distance migrants were 
counted in the fall.
Temporal Migration by Foraging Guilds 
The four most abundant members of the terrestrial gleaner guild observed at 
KSNWR consisted of Killdeer, Semipalmated Plover, Black-bellied Plover, and Common 
Snipe. The earliest peak spring migrant in this guild was the Killdeer and the latest was 
the Black-bellied Plover. Temporal variation of a period of several weeks existed among 
members of this guild during spring migration (Fig. 12a). During fall migration, the 
Semipalmated Plover and Common Snipe peaked at approximately the same time around
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b. Fall migration
Figure 12. Migration chronology of most abundant members of terrestrial gleaner
guild at Kelly's Slough National Wildlife Refuge based on average counts
from 2000-2002.
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around 10 September (Fig. 12b). Peak abundances for both spring and fall migration
/
were different for the terrestrial gleaner guild (Table 10).
The aquatic prober guild was divided into two groups based on size of bird. The 
smaller sized aquatic probers included the Semipalmated Sandpiper, White-rumped 
Sandpiper, Least Sandpiper, and the Baird's Sandpiper. These four species exhibited 
variation in peak spring migration (Fig. 13a). The Baird's Sandpiper peaked first, 
followed by the Least Sandpiper and the Semipalmated Sandpiper. The White-rumped 
Sandpiper was the last member of this guild to peak. The White-rumped Sandpiper does 
not migrate through the refuge during fall, so was not included in the fall graph (Fig.
13b). During fall migration, the Baird's Sandpiper and Semipalmated Sandpiper peaked 
together around 25 July, followed by the Least Sandpiper several weeks later. Peak 
abundances for spring migration were different, but fall abundances were not for the 
smaller sized aquatic probers (Table 10).
The larger sized aquatic probers include the Dowitchers, Dunlin, Stilt Sandpiper, 
and Pectoral Sandpiper. Dunlin were the only species to move through the refuge in the 
spring in large numbers. Dunlin peaked around 30 May, Pectoral Sandpipers peaked in 
early May, and the Dowitchers around 23 May. Stilt Sandpipers were observed in only 
small numbers (Fig. 14a). During fall migration, Dunlin were absent, but Pectoral 
Sandpipers, Stilt Sandpipers and Dowitchers all peaked within a week to 10 days between 
17 and 24 July (Fig. 14b). Peak abundances for spring migration were different for the 
medium sized aquatic probers, but fall migration was not (Table 10).
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Figure 13. Migration chronology of most abundant members of smaller sized
aquatic prober guild at Kelly's Slough National Wildlife Refuge
based on average counts from 2000-2002.
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Figure 14. Migration chronology of most abundant members of larger sized
aquatic prober guild at Kelly's Slough National Wildlife Refuge based on
average counts from 2000-2002.
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Table 10. Chi Square tests for differences in peak abundances for spring and 
fall migration for the most abundant members of each shorebird foraging guild 
at Kelly’s Slough National Wildlife Refuge, based on average counts from 
2000-2002.





terrestrial gleaner spring 40 7.815 3 <0.05
terrestrial gleaner fall 22.5 7.815 3 <0.05
smaller aquatic prober spring 21 7.815 3 <0.05
smaller aquatic prober fall 4.2 5.991 2 >0.05
larger aquatic prober spring 7.37 5.991 2 <0.05
larger aquatic prober fall 0.855 5.991 2 >0.05
aquatic gleaner/sweeper spring 17.9 7.815 3 <0.05
aquatic gleaner/sweeper fall 9.48 7.815 3 <0.05
The most abundant species in the aquatic gleaner/sweeper guild included the 
Lesser Yellowlegs, Greater Yellowlegs, American Avocet, and the Wilson's Phalarope. 
During spring migration, the American Avocet and Greater Yellowlegs peaked at the 
same time around 5 May. The Lesser Yellowlegs peaked nearly 2 weeks earlier around 
24 April and Wilson's Phalarope peaked later around 30 May (Fig. 15a). Fall migration 
exhibited less variation in peak dates. All four species peaked between 4 July and 25 
July (Fig. 15b). Peak abundances for both spring and fall migration were different for the 
aquatic gleaner/sweeper guild (Table 10).
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a. Spring migration
Figure 15. Migration chronology of most abundant members of aquatic
gleaner/sweeper guild at Kelly's Slough National Wildlife Refuge




The large numbers of shorebirds observed at KSNWR indicate the importance of 
the refuge as a stopover site for shorebirds during both spring and fall migration (Fig. 8). 
Peak shorebird numbers were substantially larger at KSNWR during fall migration where 
71 % more birds were counted than during the spring migration. Documentation of 
shorebird numbers revealed a fall migration period that included on average 78% of the 
total shorebird population at the refuge. This is similar to findings by Davis and Smith 
(1998) in the Playa Lakes region of Texas and contrary to findings by Smith et al. (1991) 
in Arkansas. Fall migration numbers were considerably smaller than spring migration 
numbers in Arkansas and were attributed to the elliptical migration route used by 
shorebirds; many of the shorebirds traveling northbound in the interior in the spring will 
use the Atlantic coast for southbound migration (Smith et al. 1991).
Only 1 species, the White-rumped Sandpiper was present at KSNWR during the 
spring migration and not during the fall migration. The observations of the White- 
rumped Sandpiper at the refuge support the clockwise elliptical migration route described 
for this species, with northbound migration along the interior of the United States and 
southbound migration along the Atlantic coast (Harrington et al. 1991). Other species, 
such as the Hudsonian Godwit, Semipalmated Sandpiper, Least Sandpiper and Short­
billed Dowitchers, also have been previously described as exhibiting elliptical migration 
routes (Gratto-Trevor and Dickson 1994; Harrington and Morrison 1979; Senner and 
Martinez 1982). Nevertheless, all four of these species were observed at the refuge 
during fall migration (Fig. 9,10, and 11). Gill et al. (1994) reported that many species
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that migrate to the North Pacific region and breed in the high latitudes will cross the 
interior of North America during southbound migration, providing a possible explanation 
for the presence of these species in the interior during southbound migration. Without 
satellite or radio telemetry of these birds, it will remain unclear where these southbound 
migrating shorebirds are coming from. Regardless of where these shorebirds are 
traveling from, the shorebird abundance data and migration chronologies suggest that 
KSNWR and the prairie pothole region play an important role in both northbound and 
southbound migration for a wide variety of species.
Davis and Smith (1994) hypothesized that higher fall migration numbers were due 
to longer stays at the stopover site on southbound migration. This could also explain 
some of the higher fall numbers at KSNWR, although without marking individual birds at 
the refuge, would be difficult to prove. In general, however, fall migration at the refuge 
exhibits considerable weekly variation in both number of shorebirds and specific species 
present, indicating a relatively quick turnover in shorebirds, typical of spring migration 
patterns at the refuge as well.
In general, the spring migration period lasted on average 10 weeks, beginning as 
early as late-March if ice was not present on the ponds, and lasting until mid-to late June. 
Fall migration lasted longer than spring migration (averaging 16 weeks) and commenced 
as early as mid-June and ended in mid-October, also depending on weather conditions 
such as snow/ice at the refuge. Studies in Texas, Arkansas and Kansas all report longer 
fall migrations than spring migrations primarily due to staggered departures from the 
breeding grounds; juveniles migrating several weeks after adults (Davis and Smith 1998; 
Skagen and Knopf 1994a; Smith et al. 1991). This also was true for KSNWR. I
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estimated that nearly 50% of the shorebirds observed at the refuge during August were 
juveniles, while nearly 90% of the September migrants were juveniles.
While the fact that fall migration periods at KSNWR were longer than spring 
migration periods is comparable to results from other migration studies, the overall 
duration of migration at KSNWR is longer than at stopover sites elsewhere in the 
midcontinent. Migratory shorebirds were observed at the refuge every week during the 
study from 1 April until 30 September, pointing to the importance of this refuge to 
migratory shorebirds during every month of the study. This may be due to the overall 
stability in habitat at KSNWR compared to other stopover sites like the Playa Lakes 
Region in Texas.
Other shorebird stopover areas along the midcontinent have a temporal break 
between spring and fall migration. For example, in the Playa Lakes Region of west 
Texas, spring migration generally ends the last week in May and fall migration begins in 
mid-July (Davis and Smith 1999). Spring migration in Kansas runs from early April until 
early June, whereas fall migration begins in July and goes until mid-October (Skagen and 
Knopf 1994a). Migration studies in Arkansas also show a small temporal break between 
spring and fall during the first weeks of June (Smith et al. 1991).
At KSNWR, the data collected suggests that no temporal break exists between 
spring and fall migration. The month of June is a transitional month with both 
northbound and southbound migrants observed and average abundances of shorebirds 
remain above 100 throughout June (Table 9). Smith et al. (1991) also found that some 
migrating shorebirds like Lesser and Greater Yellowlegs, appeared in late June in 
Arkansas, suggesting that these species may be southbound already in June. The Lesser
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and Greater Yellowlegs and Dowitchers present at KSNWR in early to mid-June could be 
transient non-breeders, and without satellite or radio telemetry of these birds, it will be 
difficult to prove otherwise. Nonetheless, a temporal break was not observed at KSNWR 
which is not surprising given the location of the refuge relative to wintering and breeding 
grounds.
KSNWR is located in the northern United States around 48 degrees north latitude 
and lies approximately 2,500 to 4,000 km from various shorebird breeding areas in the 
arctic and Alaska. The refuge also lies approximately 2,500 to 6,500 km to wintering 
areas in Central and South America. Flight range estimates have only been described for 
a few species and vary from 1,100 to 1, 600 km for White-rumped Sandpipers crossing 
inland areas in the spring (McNeil and Cadieux 1972) to as far as 3,200 to 4,500 for 
Semipalmated Sandpipers flying across the Atlantic Ocean from Maine to South America 
(Dunn et al. 1988). Regardless of actual flight range estimate, it is widely believed that 
most shorebirds cannot reach the breeding or wintering grounds in one jump (Skagen et 
al. 1997).
Migration Distance Categories
Categorizing the shorebirds observed at KSNWR by migratory distance helps 
clarify the use of wetlands in the northern plains/prairie pothole region and provides 
critical information for future management of migratory shorebirds. The intermediate 
distance migrants were the most predominant group. This group of shorebirds travels on 
average 6000-12,000 km before stopping to replenish fat reserves and made up 77% of 
all categorized shorebirds. The long distance migrants travel over 14,000 km before 
stopping and made up 16% of the total shorebirds that were categorized. Every shorebird
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species categorized as a long distant migrant stopped at the refuge each year of the study 
indicating the importance of KSNWR to this group of shorebirds. These two groups 
combined account for 93% of all shorebirds stopping at KSNWR.
Some shorebirds categorized as long or intermediate distance migrants exhibited 
characteristics of quick passage migration. These species were observed at the refuge 
having a distinctly shorter migratory period with arrival and departure weeks distinctly 
marked. Example species include Dunlin and White-rumped Sandpiper (Fig 9). In 
general, the short distance migrants exhibited gradual arrival appearing at the refuge 
throughout the spring migration period in low abundances from the beginning of April.
Shorebirds traveling these long distances during spring migration are 
energetically constrained at the end of their stopping points and must have suitable 
habitat available to forage. As these species begin southbound migration, habitat and 
food must also be available to make the return journey safely. Knowledge that the 
majority of shorebirds at KSNWR are traveling these great distances before stopping to 
replenish fat reserves is vital to the management of these birds. The lack of suitable 
habitat at the refuge when these species are migrating through the area could result in 
decreased reproduction and survival.
Temporal Migration by Foraging Guild
Previous researchers have suggested that it may be advantageous for members of 
the same guild to migrate somewhat asynchronously due to limitations in food resources 
(Davis and Smith 1998). This phenomenon may be contributing to some of the temporal 
variation in migration chronologies observed within foraging guilds at KSNWR. Overall, 
all guilds exhibited temporal variation during spring migration (Table 10). For example,
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the smaller sized aquatic probers, such as the Baird’s Sandpiper, Least Sandpiper, 
Semipalmated Sandpiper and White-rumped Sandpiper had peak abundances separated 
by a period of one to two weeks consistent with research by Skagen and Knopf (1994a). 
The terrestrial gleaner guild and aquatic gleaner/sweeper guild also showed temporal 
variation during fall migration (Table 10).
Factors, such as migration strategy, may play a role in temporal variation at 
KSNWR. Mixed within each foraging guild are species that are long distance, short 
distance and intermediate distance migrants. For example, the smaller-sized aquatic 
prober guild contains two species that are long distance migrants and two species that are 
intermediate distance migrants. The aquatic gleaner/sweeper guild contains the 
American Avocet a short distance migrant, and the Greater and Lesser Yellowlegs which 
are intermediate distance migrants.
For many species, regardless of guild, the length of migration and time it takes to 
return to the wintering areas may play a more important role in when they arrive and 
depart the local area. Other potential factors contributing to temporal variation in 
migration include presence or absence of available habitat and weather conditions.
Previous research on fat loads carried by migratory shorebirds in the interior 
suggests that nearly all shorebird species require an intermediate stopover site before 
reaching breeding grounds (Skagen and Knopf 1994b). The northerly location of 
KSNWR acts as an intermediate stopover site for migratory shorebirds in the mid­
continent. The refuge allows for additional foraging before arriving on the arctic 
breeding grounds and after leaving breeding areas in the summer and early fall, making 
this refuge strategically important to the conservation of migratory shorebirds.
CHAPTER 4
ADAPTIVE MANAGEMENT FOR MIGRATORY SHOREBIRDS
Introduction
Concern for shorebird populations is increasing across the continents. Loss and 
degradation of habitat at breeding, migration and wintering areas is a critical factor 
contributing to the concern and overall decrease in shorebird numbers worldwide (Brown 
et al. 2000). In the northern plains/prairie pothole region, shorebirds have been 
substantially affected by loss of wetlands (Skagen and Thompson 2000). These wetlands 
provide critical breeding habitat and stopover sites for migratory shorebirds. At these 
stopover sites, migrating shorebirds can accumulate fat reserves that provide energy for 
the next leg of their journey. Shorebirds that do not gain necessary fat and energy 
reserves have lower survival rates contributing to an overall decline in shorebird numbers 
(Brown et al. 2000; Skagen 1997).
In order to slow or stop the decline in shorebird numbers, there is a growing 
interest and necessity for management for shorebirds. Two potential strategies for 
management of shorebirds have been described (Helmers 1992). The first is to protect 
undisturbed habitat already important to shorebirds by purchasing and protecting key 
staging areas on the coast and in the interior of North America. The second involves 
manipulation of existing habitat. Habitat manipulation for shorebirds has been divided 
into two basic approaches. One approach is to reduce disturbance to shorebird feeding, 
roosting, and nesting areas by limiting or prohibiting access to these areas by fencing or
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other means. The second approach, which is the focus of this paper, involves managing 
wetland units to increase habitat and invertebrate availability for migratory shorebirds.
Many of the wetlands dispersed across the northern plains prairie pothole region 
are ephemeral, drying up throughout the summer months, leading to an overall decrease 
in the amount of available habitat for migratory shorebirds (Skagen and Thompson 
2000). Wildlife refuges that have the capability of controlling and manipulating water 
levels at wetland complexes can play an integral role in providing predictable habitat for 
shorebirds, especially during summer months (Fredrickson 1991).
Management of wetlands to increase available habitat is accomplished primarily 
by periodic flooding and drawdowns of pools and wetlands (Hands et al. 1991; Helmers 
1992; Rundle and Fredrickson 1981). Water of varying depths must be available to 
accommodate the diversity in bill and leg length seen in the shorebird group (Helmer 
1992; Skagen 1997). Bill length can range from 2 cm in the plovers to more than 22 cm 
in the curlews. Leg length varies similarly (Hayman et al. 1986). To attract a variety of 
shorebird species, a mix of deeper water for wading species such as the godwits and 
avocets and shallower water for the probing species like the sandpipers and plovers 
provides works best (Rundle and Fredrickson 1981).
Even if habitat is available for migrating shorebirds, food resources may not be. 
An understanding of the invertebrate prey base, including fluctuations and abundances, is 
necessary to provide a healthy stopover site for migratory shorebirds (Brown et al. 2000; 
Skagen and Thompson 2000). Water levels can be manipulated to maximize the 
availability of invertebrate prey throughout the shorebird migration period. For example,
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drawdowns increase food availability by concentrating invertebrate prey in smaller areas 
and at water depths that foraging shorebirds can exploit (Fredrickson 1991).
The ecology of migratory shorebirds can vary from region to region across the 
interior of North America. Timing of migration, duration of migration and species 
assemblages will all vary between stopover sites (Clark et al. 1993; Gratto-Trevor and 
Dickson 1994; Harrington and Morrison 1979; Skagen and Knopf 1994a; Skagen and 
Knopf 1994b). For example, management techniques at one refuge in Missouri may not 
be successful or applicable for a refuge in North Dakota due to the different species 
present during different times of the migration period (Rundle and Fredrickson 1981). 
For these reasons, adaptive management is ideally suited for migratory shorebirds.
In 1995, the United States Fish and Wildlife Service (USFWS) adopted the 
concept of adaptive management for regulating duck harvests in the United States. This 
approach recognizes the uncertainty involved in the management of resources and 
provides a framework for making objective decisions due to this uncertainty (U.S. Fish 
and Wildlife Service 2000). Adaptive management defined is the integration of design, 
management, and monitoring to systematically test assumptions that can be modified to 
improve results (Salafsky et al. 2001). Adaptive management typically consists of 3 
steps. The first step involves assessing the current situation, developing a set of 
assumptions about what is occurring and then considering a set of actions to take 
(Salafsky et al. 2001). Secondly, actions are modified to improve results as new 
information is obtained through continual monitoring. The final step involves 
documentation of the steps involved and results achieved to provide a framework for 
future management (Salafsky et al. 2001).
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This approach lends itself nicely to management of shorebirds at Kelly’s Slough 
National Wildlife Refuge (KSNWR). Historically, the refuge has been recognized as a 
major stopover site for migratory shorebirds (Freeberg et al. 2000), but documentation of 
species present and relative abundances were lacking. Thus, the initial step of this project 
mirrors the first step in any adaptive management approach. Baseline information on 
shorebird and invertebrate relative abundances and migration chronologies of shorebirds 
at the refuge was documented during the first year of the study, before management of 
the wetlands began. With baseline information from the first year of research, a series of 
water manipulations was developed and implemented during the second and third year of 
the project to provide habitat during critical shorebird migration periods.
The primary uncertainty in shorebird management is dynamic environmental 
conditions which lead to constantly changing water levels. These constantly changing 
water levels affect when and how many migratory shorebirds will be present in any given 
area. Despite these dynamic conditions, immediate management actions must be taken 
to insure available habitat for migratory shorebirds when needed. The refuge contains 
several independent water control structures that were used to manipulate water levels 
providing suitable habitat for shorebirds despite changing water levels. Thus, step 2 in 
the adaptive management approach, was carried out during the second and third years of 
the project, and involved continually monitoring the shorebird population at the refuge 
and modifying management actions in response to changes in water levels and shorebird 
abundances. The overall effect of the management actions was to provide available 
habitat continuously throughout the spring, summer and fall for migratory shorebirds in a 
dedicated pool within KSNWR.
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The last step in the adaptive management approach for migratory shorebirds at 
KSNWR involved outlining a flooding and drawdown schedule for the wetland units at 
the refuge. This schedule combined the overall effects of the management actions with 
information on shorebird migration chronologies, providing area managers a framework 
for objective decisions regarding migratory shorebird management at KSNWR in the 
future.
Study Area
This project was conducted entirely at KSNWR which lies in the Northern Plains 
Prairie Pothole Region of the United States. This region includes all or parts of seven 
states (eastern Montana, northeast Wyoming, western Minnesota, north central Iowa, a 
small part of northeast Nebraska, South Dakota, and North Dakota). The prairie 
pothole region consists of thousands of potholes or scattered depressions. These 
depressions are primarily the result of glaciation events that occurred during the 
Pleistocene Epoch. The last glaciers retreated from the region approximately 12,000 
years ago, leaving behind many small wetlands or sloughs. Most are shallow temporary 
or seasonal wetlands surrounded by prairie grasses or croplands. They range in size 
from less than 0.4047 hectares to more than 4,047 hectares (Euliss et al. 1999).
KSNWR is located approximately 13 km west and 4.8 km north of the city of 
Grand Forks, North Dakota in Grand Forks County (Fig. 16). The refuge lies in the 
northeast portion of North Dakota in the Red River Valley. The Red River Valley 
stretches 48-64 km westward from the border between Minnesota and North Dakota and 
extends north to the Canadian border and south to the South Dakota state line. This 
valley, previously formed by glacial Lake Agassiz, has smooth, almost level topography
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Figure 16. Kelly’s Slough National Wildlife Refuge, Grand Forks County, North Dakota.
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described as low-relief lake plain flatlands. Soils in the Red River Valley region range 
from areas of good topsoil for agriculture to scattered areas of poorly drained saline soil. 
Some of these areas with poorly drained saline soil are found in the refuge. These plots 
of land have a high water table offering good potential for shallow water wildlife habitat 
(Kelly’s Slough Project Plan of Action 1990).
KSNWR was established in 1936 as a breeding area and preserve for migratory 
birds and other wildlife. Current habitat includes approximately 1,605 hectares of refuge 
land surrounded by over 16,000 additional hectares. Highly erodible cropland and 
grassland retired under the Conservation Reserve Program and in private ownership make 
up the bulk of the additional acreage (13,885 hectares). Federal Waterfowl Production 
Areas, North Dakota Game and Fish Department Lands, and North Dakota State School 
lands comprise the remaining several thousand acres. Within the refuge are eight pools 
ranging from approximately 3 hectares to over 162 hectares in size. All of the pools but 
one, are equipped with various water control structures that allow refuge personnel to 
manipulate water levels for waterfowl and other wetland species (Kelly’s Slough Wildlife 
Project Plan of Action 1990).
The trial water manipulations were conducted on pool 2 within the refuge (Fig.
17). Pool 2 is approximately 16 hectares in size and represents about 1% of the total 
acreage of KSNWR. Pool 2 was chosen because it had an elevation gradient that allowed 
complete water coverage at a variety of water depths over a majority of the pool. Pool 2 
also had stoplog type water control structures located at both the inflow and outflow of 
the pool allowing water to be supplied, distributed and discharged effectively at desired 
rates (Fig 18). The stoplog water control structures permitted water level manipulations
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Figure 18. Metal stoplog water control structure. Stoplogs are metal slats that are 
inserted into 2 1/4-inch channels at the open front of the riser. Ducks Unlimited Southern 
Regional Office - Wetland Engineering.
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from as small as 15 cm at both the inflow and outflow of the pool, providing some degree 
of coarse tuning of the overall water levels.
Methods
Shorebird counts were conducted for three consecutive field seasons beginning in 
2000 and ending in 2002. Each field season was from 1 April to 30 September. Based 
on recommendations from personnel at the International Shorebird Surveys of Manomet, 
Massachusetts, counts were done approximately every 7-9 days (Corven 2000). To 
facilitate species identification, all counts were conducted in the morning or afternoon in 
full sunlight or limited cloud cover. A complete survey of each of eight pools located 
within the refuge was done on a single day, when time permitted; complete surveys 
decreased the risk of counting the same birds twice.
Every attempt was made to accurately record all shorebird species present in each 
of the eight pools. To decrease disturbance to foraging shorebirds, observations were 
made from the farthest distance that still allowed accurate species identification. 
Depending on the topography and layout of each pool, observations were made either 
from a single point offering views of the entire pool or along a line transect that allowed 
views of the entire pool. Depending on the pool and the distance of shorebirds from the 
vantage point, observations were made either on foot or by vehicle with 8 x 42 binoculars 
or 15 x 60 spotting scope. Shorebirds were identified to species and recorded as adult or 
juvenile and in breeding or winter plumage (Hayman et al. 1996; Sibley 2001).
To obtain accurate information on migration chronologies of specific shorebird 
species, each pool was observed approximately 2-3 times between census counts. Arrival 
and departure dates of specific species were used to develop species migration
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chronologies. The refuge was surveyed beginning mid-March and extending into mid- 
October to document first spring arrivals and last fall departures.
All shorebird species at the refuge generally feed within guilds relating to three 
depths of water (Baker 1979; Davis and Smith 1998). The deepest water (>5 cm) was 
labeled as zone 3 and corresponds to the wader guild. Shorebirds like the American 
Avocet (Recurvirostra americana), and Marbled Godwit (Limosa fedoa) have long legs 
and feed in zone 3 water depth. Zone 2 is shallow water (1-5 cm) and corresponds to 
medium sized birds such as the Short-billed Dowitcher {Limnodromus griseus) and 
Pectoral Sandpiper (Calidris melanotos). The pickers and gleaners are short-billed, 
short-legged species that tend to feed more by sight. These include Killdeer (Charadrius 
vociferus), Semipalmated Plover (Charadrius semipalmatus), and Baird's Sandpipers 
(Calidris bairdii), which feed in moist-soil mudflat termed zone 1, characterized by little 
vegetation (Helmers 1992). All foraging shorebirds observed were categorized as 
feeding in zone 1, 2 or 3. If a shorebird moved between zones, the zone the shorebird 
spent the majority of the time in, was taken as the primary foraging zone.
Invertebrate samples were drawn bi-weekly from eight refuge pools from mid- 
April to late September. Samples were taken from three different water depths roughly 
corresponding to shorebird foraging depths. On each sampling date and from each pool, 
six total samples were extracted. Two water samples were randomly selected from areas 
of each pool that had zone 3 habitat (>5 cm of water). Two mud/water core samples were 
randomly taken from zone 2 areas of the pool that had shallow standing water (1-5 cm). 
Two zone 1 moist-soil mudflat core samples were randomly selected from areas with 
mudflat and very little vegetation present.
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All samples were stored in Ziploc freezer bags and labeled. The samples were 
frozen unless they could be washed and sorted within 24-48 hours. All water samples 
taken from zone 3 depths were examined by pouring small amounts into deep petri dishes 
and observing the sample with a 4 x 10 dissecting microscope (Lind 1985). All 
invertebrates were counted and classified to the family level, when possible (Pennak 
1978; Price 1998; Thorp and Covich 1991).
All zone 2 (1-5 cm mud/shallow water) core samples and all zone 1 (moist-soil 
mudflat) core samples were washed with a #30 gauge sieve and examined for 
invertebrates with the dissecting microscope (Lind 1985). All invertebrates were counted 
and classified to the family level, if possible (Pennak 1978; Price 1998; Thorp and 
Covich 1991).
Trial water manipulations were conducted on pool 2 during 2001 and 2002, A 
general schedule of water manipulations was drafted following suggestions from 
managers in other areas of the United States, local environmental conditions and general 
trends in shorebird abundance (Fredrickson 1991; Hands et al. 1991; Rundle and 
Fredrickson 1981). Water level manipulations were labeled as either passive (let nature 
take it's course) or active (procedure implemented by refuge/research personnel). 
Examples of passive manipulations include natural drawdown by evaporation and 
precipitation.
Active manipulations were either drawdowns or flooding. Drawdowns were 
accomplished by removal of one or more slats in the water control structure to allow 30- 
60 cm of water to exit the pool. Because KSNWR is managed to receive water from
101
spring runoff and will reduce flooding in Grand Forks County, drawdowns were done in 
April or May as soon as the threat of local spring flooding had passed.
Active flooding of pool 2 was accomplished by inserting slats into the water 
control structure to stop the flow of water from leaving the pool. Depending on water 
levels, one or two slats could be removed from the inflow structure to allow water to 
enter pool 2 more quickly and fill the pool to the desired depth. Depending on 
precipitation levels, pool 2 was flooded at least once during the summer to provide a 
shallow layer of water, approximately 20 cm or less, and maintain shorebird habitat. 
Flooding also occurred in the fall. The pool was flooded to depths of approximately 0.5-
1 m prior to the start of waterfowl hunting season and remained flooded throughout the 
winter. Shorebird response to manipulations was documented as the number of 
shorebirds observed following a drawdown or flooding manipulation.
At the beginning of each shorebird and invertebrate survey, the water level in pool
2 was estimated using the gauge located on the outflow water control structure. The 
gauge ranged from a low of approximately 818.0 to over 824. For example, if pool 2 
contained no water, the gauge would read about 818. If pool 2 was flooded to maximum 
capacity, defined as full service level, the gauge would read 823 (Ducks Unlimited 1990). 
Gauge readings were used as the predictor of water levels because the topography of pool 
2 varies considerably and recording changes in actual depth of the entire pool proved 
difficult. After recording the gauge level, the amount of zone 1, zone 2 and zone 3 
habitats were estimated for pool 2. Adding together the percentage of pool 2 that 
contained zone 1, 2, and 3 gave an overall estimate of the amount of available habitat 
existing in pool 2 for feeding shorebirds on each survey date.
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For the 2001 and 2002 combined, I used a Spearman’s ranked correlation to 
determine if any associations existed between the amount of available habitat (described 
in previous paragraph) and the gauge reading on the water control structure, number of 
shorebirds counted, and number of invertebrates counted. I also looked for an association 
between the number of shorebirds and gauge reading and number of invertebrates and the 
gauge reading. Significance was set at P < 0.05 (Sokol and Rholf 1995).
The number of shorebirds and number of invertebrates in pool 2 was documented 
and assumptions of normality and homogeneity of variances were confirmed using the 
Komolgorov-Smirov and Levene’s test. ANOVA was used to assess variation in the 
mean numbers of shorebirds and mean numbers of invertebrates among the three water 
depths (zone 1, zone 2 and zone 3) from 2000-2002. To determine if the trial 
manipulations had an effect on average number of shorebirds and invertebrates in pool 2, 
ANOVA was used to compare mean shorebird values and mean invertebrate values from 
2000-2002. To determine if water depth influenced the number of invertebrates and 
shorebirds present in pool 2, after testing for normality and homogeneity of variances, a t- 
test was used to compare mean invertebrate values in high water (defined as a gauge 
reading of greater than 821.1), to low water (defined as a gauge reading of < 821) in pool 
2. A Wilcoxon 2-sample test was used to compare median shorebird values in high water 
and low water in pool 2; data on shorebirds were non-normal with unequal variances 
(Sokol and Rohlf 1995).
Baseline information on migration chronology and number of shorebirds counted 
was used to draft suggestions for water management that provided habitat in all water 
depths for all species of shorebirds. Gauge readings on the water control structure were
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used to graph a flooding and drawdown schedule for pool 2. Critical gauge readings 
were determined by looking at changes in amount of available habitat present at varying 
water depths. For example, if the percentage of available habitat dropped substantially 
and no shorebirds were present in pool 2, a low water depth threshold could be estimated. 
Likewise, a high water depth threshold could also be determined.
Results
Baseline Information on Shorebird and Invertebrate Communities at KSNWR 
Assessment of the current shorebird population at the refuge revealed 30 
shorebird species observed at KSNWR from 2000-2002 (Table 11). The total number of 
shorebirds counted at the refuge exceeded 26,000 each year of the study with a three year 
average of 36,343 birds. The months of July and August combined accounted for an 
average of 67% of all shorebirds counted. May counts yielded an average of 16% of the 
total birds counted. The remaining months of April, June, and September accounted for 
the final 16% of the total number of shorebirds counted at the refuge. April and June had 
the lowest counts (2 and 5% on average, respectively) (Table 12).
Pools 2 and 3 had the highest number of shorebirds at the refuge in all years of the 
census (Table 13). On average, 32% of the shorebirds observed at the refuge were in 
pool 2, and 31% were in pool 3. The Turtle River North pool had 16% of the shorebirds 
on average and Lower Pool had 14%. The remaining four pools combined had only 6% 
of the total shorebird population (Table 13).
In describing the overall trends observed during spring migration, the spring 
migration period lasted approximately 72 days from the last week in March until the first 
week in June during 2000. In 2001 and 2002, the spring migration period was slightly
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Table 11. Shorebird species at Kelly's Slough National Wildlife Refuge, 2000-2002.
Species
Scientific Name
P lu v ia lis  sq u a ta ro la  
P lu v ia lis  d o m in ica  
C h a ra d r iu s  m e lo d u s  
C h a ra d riu s  se m ip a lm a tu s  
C h a ra d r iu s  vo c iferu s  































H im a n to p u s m ex ica n u s  
T rin ga  m e la n o leu ca  
T rin ga  f la v ip e s  
T rin ga  so li ta r ia  
C a to p tro p h o ru s  se m ip a lm a tu s  
A c tit is  m a cu la r ia
Maximum Single Count 






























L im o sa  h a em a stica  
L im o sa  f e d o a  
A re n a r ia  in terp res  
C a lid r is  can u tus  
C a lid r is  a lb a  
C a lid r is  a lp in a  
C a lid r is  m e la n o to s  
C a lid r is  fu s c ic o l lis  
C a lid r is  b a ird ii  
C a lid r is  p u s illa  
C a lid r is  m in u tilla  
C a lid r is  h im a n to p u s  
L im n o d ro m u s sp p . 
T ryn g ite s  su b ru fic o llis  
G a llin a g o  g a llin a g o  
P h a la ro p u s  tr ic o lo r  
P h a la ro p u s  lo b a tu s
* Includes Short-billed and Long-billed Dowitchers.
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Table 12. Monthly total number of shorebirds at Kelly's Slough National 
Wildlife Refuge, 2000-2002.____________________________________
2000 2001 2002 Mean
Month n % n % n % n %
April 1,345 3 71 0 794 2 737 2
May 9,645 24 1,818 7 6,481 15 5,981 16
June 1,097 3 2,863 11 1,609 4 1,856 5
July 15,744 39 8,864 34 9,655 23 11,421 31
August 9,750 24 8,340 32 21,206 50 13,099 36
September 2,286 6 4,400 17 3,060 7 3,249 9
Totals 39,867 100 26,356 100 42,805 100 36,343 100
Table 13. Number of shorebirds in each pool at Kelly's Slough National 
Wildlife Refuge, 2000-2002.___________________________________
2000 2001 2002 Mean
n % n % n % n %
Pool 2 10,470 26 11,576 44 13,385 31 11,810 32
Pool 3 11,052 28 8,015 30 14,988 35 11,352 31
Pool 4 364 1 444 2 342 1 383 1
Pool 5 297 1 120 1 49 <1 155 0
Turtle River North 9,396 23 2,991 11 5,225 12 5,871 16
Turtle River South 2,935 7 159 1 111 1 1,068 3
Upper Pool 1,133 3 595 2 626 1 785 2
Lower Pool 4,220 11 2,456 9 8,079 19 4,918 14
Totals 39,867 100 26,356 100 42,805 100 36,343 100
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shorter, lasting approximately 65 days from the beginning of April until the second week 
in June. The number of shorebirds peaked around 16 May in 2000, not until 10 June in 
2001, and near 30 May in 2002 (Fig. 19).
The first shorebirds arrived at the refuge on 26 March in 2000, on 10 April in 
2001, and on 12 April in 2002. Later arrival dates in 2001 and 2002 were attributed to 
cold weather and ice remaining on the pools at the refuge until mid-April. The first 
northward migrants were Killdeer, Lesser Yellowlegs (Tringa flavipes), Baird's 
Sandpiper, and American Avocets; all of these species were typically present by 14 April 
each year.
A larger group of species starting arriving soon after 15 April and were observed 
over a period of 30-45 days. Species in this grouping include the Semipalmated 
Sandpiper, Least Sandpiper, and Wilson's Phalarope, Marbled Godwit, Pectoral 
Sandpiper, Greater Yellowlegs (Tringa melanoleuca), Willet, Piping Plover, Sanerlings, 
and Common Snipe (Gallinago gallinago).
The first week in May corresponded with the initial northward migration of 
Dunlin along with the Semipalmated Plovers, Long-billed and Short-billed Dowitchers 
(Limnodromus spp.), Black-bellied Plover, Ruddy Turnstone (Arenaria interpres), 
American Golden-Plover {Pluvialis dominica) and Black-necked Stilt (Himantopus 
mexicanus) and Hudsonian Godwits. These species typically moved through the refuge 
within 30 days. Concentrations of Dunlin reached several thousand on a single day. The 
very last spring migrant observed was the White-rumped Sandpiper. These shorebirds 
typically had a 3-4 week spring migration period beginning around 23 May and 
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Figure 19. Yearly migration chronology of shorebirds at Kelly's Slough National Wildlife Refuge.
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The trends for fall migration show the overall migration period extending from 
approximately 15 June until 15 October, lasting a period of 120 days (Fig. 19). This fall 
migration period was 54% longer than the spring migration period. There was less 
variation in peak abundances in the fall than compared to the spring migration. The peak 
abundance for fall occurred on 25 July in both 2000 and 2002 with 7474 and 7823 birds, 
respectively. The peak occurred earlier in 2001 on 11 July with 4396 birds (Figure 19). 
The average peak number of birds during fall migration (5500) was 40% higher than the 
average peak number during spring (2200).
The first southbound migrants at the refuge were Lesser Yellowlegs and Greater 
Yellowlegs. These shorebird species had the longest fall migration period lasting nearly 
4 months from mid-June to mid-October. Other early fall migrants with long migration 
periods include the Baird's Sandpiper, Least Sandpiper, Wilson's Phalarope, American 
Avocet, and the Dowitchers.
The majority of fall migratory species had an average 75 day migratory period 
extending from the beginning of July until early September. The Stilt Sandpiper,
Pectoral Sandpiper, Semipalmated Plover, Semipalmated Sandpiper, Hudsonian Godwit, 
Black-bellied Plover, American Golden-Plover and Marbled Godwit were all observed 
during this time period, peaking in number during the last week in July. One of the latest 
fall migrants, the Buff-breasted Sandpiper was typically observed from late August until 
the end of September.
The majority (54%) of shorebirds were observed foraging in zone 2 depth of 
water (1-5 cm) (Table 14). Zone 2 shorebird species included the Ruddy Turnstone, Red 
Knot, Sanderling, Dunlin, Pectoral Sandpiper, White-rumped Sandpiper, Baird’s
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Table 14. Number of shorebirds observed and number of invertebrates sampled 










Zone 1 18,940 46 8,548 32 14,864 35 14,117 38
Zone 2 19,863 50 14,203 54 24,922 58 19,663 54










Zone 1 10,389 35 13,577 30 20,445 38 14,804 34
Zone 2 10,306 34 17,277 38 9,556 18 12,380 30
Zone 3 9,146 31 14,357 32 23,280 44 15,594 36
Zone 1 is moist soil/mudflat. 
Zone 2 is water depths of 1 -5 cm. 
Zone 3 is water depths of > 5 cm.
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Sandpiper, Stilt Sandpiper, Dowitchers, Semipalmated Sandpiper, Lesser Yellowlegs, 
and Wilson’s Phalarope. The Wilson’s Phalarope was also commonly observed in zone 3 
(>5 cm) water depths along with the American Avocet, Black-necked Stilt, Greater 
Yellowlegs, Willet, Hudsonian Godwit, and Marbled Godwit. Species foraging in zone 1 
(moist soil/mudflat) included the Black-bellied Plover, American Golden-Plover, Piping 
Plover, Semipalmated Plover, and Killdeer. The Semipalmated Sandpiper also frequently 
foraged in zone 1. See Appendices 7, 8, and 9 for detailed species accounts by zone for 
each month of the study. The mean number of shorebirds in zone 1, zone 2 and zone 3 
were significantly different from 2000-2002 (F 2>4 = 14.41, P <0.05).
During the three year study, 39 families of invertebrates were sampled from the 
pools at KSNWR (Table 15). The order Diptera had the largest number of families 
present at the refuge with 12. There were seven families of beetles (Coleoptera) and four 
families in the orders Gastropoda and Heteroptera. Eight families had a high frequency 
of occurrence (>1000 invertebrates sampled each year). These eight families comprised 
an average 92% of all invertebrates counted. The total three year average number of 
invertebrates counted was 43,468. June had the highest monthly mean and contributed 
28% of all invertebrates counted. July and September combined to account for 38% of 
all invertebrates. The month of April had the lowest percentage of invertebrates at 5% 
(Fig. 20).
The number of invertebrates sampled in each of the three zones was fairly evenly 
distributed into thirds (Table 14). Of the eight most abundant invertebrate families, 
Diaptomidae and Corixidae were predominant in zone 3 (>5 cm). Common invertebrates 
in zone 2 (1-5 cm) were Cyclocyprididae and Gammaridae. The snail families,
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Table 15. Abundances (no. o f each family sampled/year) o f invertebrates and family compositions 
(% o f total no. of sampled invertebrates/year) at Kelly's Slough National W ildlife Refuge, 2000-2002.
High Occurrence (>1000)
Family 2000 2001 2002 Mean
n % n % n % n %
Daphnidae 4,396 15 16,920 37 29,863 56 17,060 40
Diaptomidae 640 2 5,453 12 10,072 19 5,388 13
Cyclocyprididae 4,802 16 8,070 18 2,628 5 5,167 12
Corixidae 8,153 27 2,887 6 1,744 3 4,261 10
Chironomidae 5,892 20 3,225 7 2,033 4 3,717 9
Lymnaidae 1,185 4 1,935 4 980 2 1,367 3
Gammaridae 827 3 1,508 3 1,972 4 1,436 3
Planorbidae 1,079 4 837 2 1,099 2 1,005 2
Total 26,974 90 40,835 90 50,391 95 39,400 92
Medium Occurrence (100-500)
Family 2000 2001 2002 Mean
n % n % n % n %
Gordiidae 344 1 421 1 466 1 410 1
Bosminidae 565 2 508 1 0 0 358 1
Muscidae 138 0 496 1 386 1 340 1
Culicidae 318 1 209 0 386 1 304 1
Ceratopogonidae 217 1 339 1 321 1 292 1
Elmidae 249 1 480 1 117 0 282 1
Hydrobiidae 91 0 370 1 146 0 202 0
Ephydridae 260 1 72 0 175 0 169 0
Physidae 38 0 246 1 138 0 141 0
Stratiomydiae 29 0 222 0 122 0 124 0
Dytiscidae 127 0 157 0 75 0 120 0
Dryopidae 20 0 0 0 313 1 111 0
Total 2,396 8 3,520 8 2,645 5 2,854 7
Low Occurrence (< 100)
Family 2000 2001 2002 Mean
n % n % n % n %
Talitridae 50 0 194 0 0 0 81 0
Gyrinidae 66 0 171 0 7 0 81 0
Hydrophilidae 86 0 83 0 25 0 65 0
Dixidae 6 0 185 0 0 0 64 0
Tipulidae 35 0 36 0 43 0 38 0
Ephemeroptera 74 0 1 0 7 0 27 0
Simulidae 21 0 40 0 13 0 25 0
Zygoptera 16 0 16 0 40 0 24 0
Chaoboridae 44 0 11 0 9 0 21 0
Haliplidae 25 0 5 0 21 0 17 0
Hydracarina 15 0 16 0 12 0 14 0
Velidae 0 0 19 0 24 0 14 0
Curculionidae 7 0 25 0 8 0 13 0
Syrphidae 0 0 12 0 24 0 12 0
Lumbricilidae 21 0 4 0 0 0 8 0
Anisoptera 1 0 18 0 3 0 7 0
Tabanidae 2 0 6 0 9 0 6 0
Notonectidae 0 0 10 0 0 0 3 0
Mesovelidae 2 0 4 0 0 0 2 0
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Figure 20. Invertebrate abundance at Kelly's Slough National Wildlife Refuge.
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Lymnaidae and Planorbidae were predominant in zone 1 (moist soil/mudflat). Daphnidae 
and Chironomidae were fairly evenly distributed between all three zones. See 
Appendices 7, 8, and 9 for detailed family accounts by zone for each month of the study. 
The mean number of invertebrates in zone 1, zone 2 and zone 3 were not significantly 
different (F 2>4 = 0.348, P -  0.725).
Adaptive Management Actions and Continual Monitoring
As soon as the threat of spring flooding passed in 2001, a drawdown of pool 2 
was initiated. Altogether, three drawdowns occurred in April and May of 2001, but due 
to significant rainfall in early May, water levels remained high. Shorebird numbers 
remained low in pool 2 and elsewhere in the refuge. Total shorebird numbers for April 
and May of 2001 combined were 83% less than in 2000 and 74% less than in 2002.
Throughout the summer, adaptive management was used to try to maintain a mix 
of shallow water, deep water, and mudflat in pool 2 to provide continually available 
habitat for all species of shorebirds. Examples of specific adaptive management actions 
follow.
During June and early July 2001, water was allowed to naturally drawdown 
through evaporation. The largest amount of shorebird habitat became available during 
this time, and shorebird numbers appeared to rise substantially. By middle July however, 
water levels had fallen considerably and 90% of pool 2 consisted of packed, dried mud. 
Zero shorebirds were present. A stoplog was inserted at the outflow and another stop log 
was removed at the inflow and pool 2 was flooded. Water levels rose nearly one meter 
within 24 hours and shorebirds returned within 2 weeks. Water levels were then allowed 
to naturally drawdown through the remainder of July and August. Shorebird numbers
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reached a peak of 2262 around 30 July and a second high of 1881 at the end of August.
In mid-September, two stoplogs were inserted at the outflow and water levels were again 
raised over one meter. Stoplogs were retained until the following spring. Table 16 
provides a more detailed account of the water manipulations and the changes in amount 
of available habitat, number of shorebirds and number of invertebrates in pool 2.
Using information gained during the first year of trial manipulations, two spring 
drawdowns were initiated in April of 2002 in order to decrease spring water levels and 
provide more shallow water and mudflat for early shorebird migrants. Water levels 
slowly receded and remained low such that 50% of pool 2 contained shorebird habitat by 
the end of April. A Piping Plover (Charadrius melodius) stopped at the refuge for 
several days during this time and 332 additional shorebirds were counted. In 
May 2002, a third spring drawdown was initiated following a period of heavy rain in the 
middle of the month. Shorebirds responded to the lower water levels with over 1800 
shorebirds counted.
Due to significant rainfall events in both June and July 2002, a third drawdown 
was initiated in July approximately one week before peak fall migration. Shorebirds 
appeared to respond with a record high of 5220 birds counted on a single day (26 July). 
Fall flooding of pool 2 occurred at the end of August. Water levels remained high 
through September and shorebird numbers dropped. Table 17 provides a more detailed 
account of the water manipulations and the changes in amount of available habitat, 
number of shorebirds and number of invertebrates in pool 2.
During 2000, an average of 403 shorebirds was counted in pool 2 for the six 
month survey period (26% of the total number of shorebirds counted at the refuge). In
Table 16- Habitat manipulations and shorebird and invertebrate response on Pool 2 at Kelly's Slough National Wildlife Refuge during 2001.
% Flabitat Number of Number o f
Date Manipulation Action Gauge level for Shorebirds Birds Invertebrates
19-Apr Early Spring Drawdown remove 1 stoplog 822 20 0 80
28-Apr Early Spring Drawdown remove 1 stoplog 820.6 60 0
3-May Natural Drawdown evaporation 820.6 60 117
6-May Significant Natural Precipitation rain 821.9 5 0 56
31-May Late Spring Drawdown remove 1 stoplog 821.8 5 246 581
2-Jun Natural Drawdown evaporation 820.6 70 821
15-Jun Natural Drawdown evaporation 820.4 70 1686 1330
5-Jul Natural Drawdown evaporation 820.3 85 1500 1055
12-Jul Natural Drawdown evaporation 820.3 90 1026
14-Jul Natural Drawdown evaporation 820.1 60 468 215
15-Jul Summer Flooding Insert 1 stoplog 819 10 0
16-Jul Natural Drawdown evaporation 821.4 10 0
19-Jul Natural Drawdown evaporation 821.2 20 28
24-Jul Natural Drawdown evaporation 821 25 308 183
30-Jul Natural Drawdown evaporation 820.4 70 2262
7-Aug Natural Drawdown evaporation 820.8 40 436 251
13-Aug Natural Drawdown evaporation 821 30 124
20-Aug Natural Drawdown evaporation 820.8 35 259
27-Aug Natural Drawdown evaporation 820.6 60 1881
4-Sep Natural Drawdown evaporation 820.2 70 235 967
13-Sep Fall Flooding Insert 2 stoplogs 820 40 46
14-Sep Maintain Water Levels evaporation 821 40 46 321
21-Sep Maintain Water Levels evaporation 821.4 10 0 189
Table 20. Adaptive management action and estimated shorebird and invertebrate response during August and September.
Date
Management










































































Bold lettering indicates period o f first appearance for these species.
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2001, 44% of the total shorebirds counted at the refuge were observed in pool 2 (a six 
month average of 445 shorebirds). In 2002, pool 2 accounted for a six month average 
514 birds or 31% of all shorebirds counted. The means were not statistically different
(F 2,75 = 0.133, P = 0.875). The largest number of invertebrates was sampled from pool 2 
in 2002. The mean number of invertebrates was 506 in 2000, 515 in 2001, and 1000 in
2002. The means were not statistically different (F 2 ,2 1  = 1 -295, P = 0.290).
The results of the correlations on pool 2 revealed that as the gauge level
decreased, the percentage of available habitat increased (rs = -0.754, n = 51, P < 0.0001) 
and the number of shorebirds also increased (rs = -0.362, n = 51, P = 0.00885). As the 
percentage of available habitat increased, so did the number of shorebirds (rs = 0.52, n = 
51, P<0.0001). The gauge level and percentage of available habitat showed no 
association with the number of invertebrates (rs = -0.02, n = 51, P = 0.725 and rs = 0.034, 
n = 51, P = 0.255, respectively) (Fig. 21).
I performed a Wilcoxon 2-sample test on the number of birds present in pool 2 
during low water levels (below 821 on the gauge) and the number of birds present in high 
water (above 821 on the gauge) (Fig. 21). The number of birds present during low water 
levels was 96% more than the number of birds present during high water (W = 48, nj =
13, n2 = 9, P <0.005). The mean number of invertebrates present in pool 2 was not 
significantly different in low water compared to high water (t = 0.059, P = 0.954). The 





Figure 21. Number of shorebirds and invertebrates counted in pool 2 at various gauge 
readings on the water control structure for 2001 and 2002 combined.
Flooding and Drawdown Schedule
To provide general guidance for management of wetland units at KSNWR or any 
wetland within the northern plains prairie pothole region, information was compiled as to 
management actions to take and when to take them, and shorebird species likely to 
benefit from such actions. Information gathered came from the two years of trial 
manipulations of pool 2, shorebird migration chronologies, and shorebird and 
invertebrate abundances for each month, April through September (Table 18a, b, and c). 
A more specific hypothetical flooding and drawdown schedule was created for pool 2 
using the gauge readings on the water control structure (Fig. 22).
Table 18. Adaptive management action and estimated shorebird and invertebrate response during April and May. ______________________ ____
Management Shorebird Invertebrate
Date________ Action _____ Period_________ ___________________ Species Benefiting____________________________ Estimates_____Estimates










15-30 Apr First Spring Killdeer Willet Moderate
Drawdown Migration American Avocet Least Sandpiper 
Lesser Yellowlegs Wilson's Phalarope 
Baird's Sandpiper Marbled Godwit 
Semipalmated Sandpiper Pectoral Sandpiper 




1-15 May Second Spring Killdeer Greater Yellowlegs Long-billed Dowitcher Moderate

















15-31 May Third Peak Spring Killdeer Long-billed Dowitcher Dunlin High
Drawdown Migration American Avocet Short-billed Dowitcher Black-bellied Plover Between



















Bold lettering indicates period o f  first appearance for these species.
Table 19. Adaptive management action and estimated shorebird and invertebrate response during June and July.
Date
Management

















































































Bold lettering indicates period of first appearance for these species.
Table 20. Adaptive management action and estimated shorebird and invertebrate response during August and September.
Date
Management










































































Bold lettering indicates period of first appearance for these species.
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Figure 22. Hypothetical drawdown and flooding schedule for pool 2.
Discussion
With annual shorebird populations exceeding 26,000, KSNWR is an important 
stopover site for migratory shorebirds as they travel from wintering areas to breeding 
areas. Spring migration for shorebirds in the northern plains prairie pothole region occurs 
primarily in May, with fall migration during July and August (Helmers 1992; Skagen 
1997; Skagen et al. 1999). These three months combined account for 83% of all 
shorebirds counted at KSNWR, indicating the importance of the refuge for migrating 
shorebirds. Therefore, during these three months, it is crucial to maintain available 
habitat for migratory shorebirds at the refuge. Despite variation in shorebird numbers 
between years, peak periods during spring and fall migration can be estimated and used 
to drive management actions.
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For example, during a two week period in the spring from approximately 23 May 
until 3 June, 43% of the spring migrants pass through the refuge. Similarly in the fall, 
during a three week period from approximately 23 July until 17 August, 43% of all fall 
migrants pass through the refuge (Fig. 19). Early fall habitat is generally more limited 
during the southbound migration, especially in the northern plains prairie pothole region 
where many ephemeral wetlands become dry (Brown et al. 2000). Because of the larger 
size of some of the wetland units at KSNWR, water levels remained high throughout 
July, August and September. Considerably higher shorebird abundance during fall 
migration compared to spring migration suggests that migratory shorebirds were attracted 
to the available habitat at the refuge. Management of water levels to provide shallow 
water mudflat especially during the summer months needs to continue to provide critical 
habitat to southbound migratory shorebirds.
Manipulations of water levels should take into account the microhabitat needs of 
the majority of shorebirds observed at the refuge. Shorebird observations show that 12 
species and just over half of all shorebirds were observed foraging in zone 2 depth of 
water (1-5 cm) (Table 14). Eight of the 10 most abundant shorebird species at the refuge 
were found foraging in this zone (Semipalmated Sandpiper, Lesser Yellowlegs, Wilson’s 
Phalarope, Long-billed and Short-billed Dowitchers, Dunlin, Stilt Sandpiper, and 
Pectoral Sandpiper). These numbers are comparable to work by Davis and Smith (1998) 
on water depths of foraging shorebirds in the Playa Lakes region of west Texas.
Sufficient zone 2 habitat must be available, especially during the fall migration when the 
majority of zone 2 foragers are present at the refuge.
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The eight most abundant invertebrate families present at the refuge are all 
potential shorebird prey, indicating that a healthy prey base does appear to exist at the 
refuge (Table 15) (Baldassare and Fischer 1984; Davis and Smith 1998). Overall, the 
number of invertebrates at the refuge peaked in June, followed by a decline in July and 
August (Fig. 20). This decline may be attributed to feeding pressure by foraging 
shorebirds or naturally occurring fluctuations in invertebrate cycles. The number of 
invertebrates sampled in each of the 3 water depths was similar, suggesting that 
invertebrate prey is available in all depths and for all shorebird foraging guilds (Table 
14).
Using adaptive management on pool 2, shorebird habitat was created and 
maintained throughout the spring, summer and fall during 2001 and 2002. While natural 
precipitation did affect proposed management actions, monitoring water levels on a 
weekly basis allowed for adaptive management to work (Table 16 and 17). Depending 
on the amount of precipitation involved, it was possible to alter water levels within a few 
days. For example, heavy rains fell in June and July of 2002 requiring a drawdown in 
mid- July to reduce water levels prior to peak fall shorebird migration expected during 
the third week in July. Shorebirds responded to the drawdown within days and numbers 
peaked on 26 July with over 5,200 shorebirds.
Oppositely in mid-July of 2001, over 90% of pool 2 consisted of packed, dried 
mudflat due to natural evaporation and very little precipitation during June and early July. 
Pool 2 was flooded in mid-July and water levels rose nearly 1 meter within 24 hours. 
Shorebirds returned to newly created shallow water habitat within two weeks. These two 
examples show that while shorebird response to drawdowns can be estimated in days,
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flooding followed by subsequent natural evaporation will take longer. In this situation, a 
period of 2-3 weeks should be considered appropriate before shorebirds will respond to 
newly created habitat.
Effective management requires knowledge about migration chronologies, habitat 
use and food requirements. Using the baseline information gathered during this project, 
effective management actions can be outlined for KSNWR which could be used at other 
nearby wetland areas as well. Because shorebirds begin appearing at the refuge by mid- 
April, when local environmental conditions allow, drawdowns must commence in April 
in order to slowly remove the large amounts of water held in the pools during winter. A 
sequence of several drawdowns, approximately 2 weeks apart during the period from mid 
April to mid May works well. The slowly receding water levels provide some habitat for 
early migratory species such as the Lesser Yellowlegs, American Avocet, Killdeer, and 
Baird’s Sandpiper, while continually exposing more mudflat and invertebrates throughout 
the month of May. With a slow drawdown, habitat will be continually exposed 
throughout May, invertebrates will be concentrated into smaller areas, and suitable 
foraging areas will become available during peak spring migration near the end of May. 
During peak spring migration in May and early June, the majority of shorebirds (77%) at 
the refuge are the relatively small, and medium-sized aquatic probers including 
Semipalmated Sandpiper, White-rumped Sandpiper and Dunlin. These species all prefer 
to forage in moist soil or water up to 5 cm in depth. Thus, it becomes critical to have 
plenty of shallow water mudflat available for these northbound migrants during the 
month of May.
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Depending on local precipitation, water in pool 2 typically evaporates throughout 
the month of June. If mudflat becomes too cracked and dried by the end of June or early 
July, habitat will not be available during peak fall migration. Stoplogs should be inserted 
and the pool should be allowed to flood at least 2 weeks prior to the peak fall migration 
period at the end of July and early August. Flooding and moving water through the pool 
during this time also allows for “mixing” of invertebrates between pools and increases 
the rate of recolonization of chironomids and other invertebrate families (Fredrickson 
1991).
Flooding at the end of June or early July may also help curb vegetative growth 
that occurs when pools are in a drawdown stage for prolonged periods (Fredrickson 
1991). Vegetation did emerge when pool 2 remained in a drawdown stage for a period of 
several weeks during June and July. It is well-established that only a few shorebird 
species, such as the Lesser Yellowlegs and Buff-breasted Sandpiper, forage in vegetated 
areas (Brown et al. 2001; Helmers 1992; Skagen 1997; Skagen and Thompson 2000).
The majority of shorebird species prefer open mudflat and the curtailment of vegetative 
growth should be included in any future shorebird management plan for KSNWR.
Final flooding of pool 2 in September works well. By this time, the majority of 
southbound shorebirds have left the refuge. Deep water levels through the winter help 
control vegetative growth and allows for re-colonization of invertebrates. The deeper 
water levels enable chironomids and other invertebrates to lay eggs and insure the 
survival of invertebrate larvae (Euliss et al. 1999; Helmers 1992). Higher water levels in 
September also provide additional habitat for migratory waterfowl (Fredrickson 1991).
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Adaptive management and water level manipulations can be one of the most 
effective tools in shorebird management provided the fluctuations are well-timed and 
monitored. KSNWR is used by a substantial number of migratory shorebirds each year. 
With continual monitoring and management of water levels at the refuge, it will continue 
to have tremendous impact on the overall health and survival of migratory shorebirds.
CHAPTER 5
CONCLUSIONS
Kelly’s Slough National Wildlife Refuge (KSNWR) supports an annual average 
shorebird population of over 36,000 birds. The vast majority of these shorebirds are 
strictly migratory, using the refuge as a stopover site to forage on invertebrates before 
continuing migration. In the spring, the first shorebirds typically arrive in April and most 
northbound shorebirds stop off during a three week period between mid-May until early 
June. In the fall, the refuge plays an even larger role in southbound migration. Over 
26,000 shorebirds stop to forage and replenish energy reserves at the refuge from mid- 
June until mid- October. Nearly half of these birds stop during the three week period 
from mid-July into early August.
While total numbers of shorebirds are lower during the month of June when 
compared to other months, available habitat is crucial during this time period as well. 
June is a transitional month, with northbound migrants, southbound migrants and 
breeding shorebirds all present at the refuge. My research suggests that some overlap 
may exist between northbound and southbound migrants. Additional research during the 
month of June would be helpful to confirm these preliminary findings. Radio and/or 
satellite telemetry of shorebird species at the refuge during June, especially Lesser 
Yellowlegs (Tringa flavipes) would give information on whether these shorebirds are 
migratory or non-breeding adults.
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KSNWR is a crucial stopover site for intermediate and long distance migrants. Of 
all shorebirds counted at the refuge, 92% were in these categories. Intermediate and long 
distance migrants travel distances from 6,000 km to more than 14,000 km from wintering 
areas to breeding areas, when they stop to briefly forage only a few times along the way. 
Many of these intermediate and long distance migrants were observed at the refuge in 
large numbers each year of the census indicating that the refuge is a traditional stopover 
site for these species. If the refuge does not have suitable habitat and invertebrate prey at 
the time these species arrive, they may not be able to obtain sufficient energy reserves to 
complete their journey to the breeding areas. It becomes vitally important then to 
preserve and enhance habitat at this traditional stopover site.
Because of the large concentrations of shorebirds, maintaining a healthy 
invertebrate prey base is essential to the survival of these birds. The refuge currently 
supports large numbers of several invertebrate families such as Daphnidae,
Chironomidae, Cyclocyprinidae, Gammaridae and Corixidae, that provide food for 
shorebirds and other wildlife. Invertebrate population estimates show less variation 
within and among years when compared to the shorebird population estimates. Estimates 
of invertebrate abundance suggest that invertebrates tend to peak in number in June, 
when shorebird numbers are low. The invertebrate population tends to decline in number 
in July and August and increases again in September. Continual monitoring of the 
invertebrate population especially during the months of July and August is important.
Fall shorebird numbers are highest in July and August. Invertebrate prey must be 
available for shorebirds to replenish fat reserves before beginning southbound migration.
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All foraging guilds present at the refuge exhibit temporal variation in migration. 
Species within each guild all migrate at varying times during both spring and fall.
Habitat for all guilds must be present at the refuge during every month from April to 
September to accommodate this temporal migration.
The trial adaptive management at the refuge provided an understanding of when 
drawdowns and flooding need to occur. Depending on natural precipitation, maintenance 
of shorebird habitat on the trial pool can be accomplished with four or five manipulations 
each season, with shorebird response time ranging from days to several weeks. Using 
these manipulations, suitable shorebird habitat can be available throughout the season and 
especially during peak spring and fall migration.
This project indicates the importance of this refuge to migratory shorebirds. 
Whereas other inland stopover sites may have higher shorebird abundances, KSNWR 
plays a strategically important role in shorebird migration due to the northerly location of 
the refuge, the lengthy period of shorebird occupancy and the types of shorebirds using 
the refuge. Suitable shorebird habitat must be maintained from mid-April until mid- 
September to accommodate the temporal variation in northbound and southbound 
migration that exists across the many shorebird species that visit the refuge. Shorebird 
management at KSNWR helps with worldwide efforts to conserve migratory shorebirds, 
allowing them to continue their long distance journeys from wintering areas to breeding 
areas as they have done for thousands of years.
APPENDICES
Appendix 1. Short distance spring migrants at Kelly’s Slough National Wildlife Refuge.
Piping Black-necked
Plover Killdeer Stilt
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002
4-Apr 0 0 0 9 0 0 0 0 0
11-Apr 0 0 0 14 8 11 0 0 0
18-Apr 0 0 0 16 2 4 0 0 0
25-Apr 0 0 1 0 3 13 0 0 0
4-May 0 0 0 3 7 6 0 0 0
11-May 0 0 0 2 2 11 0 0 0
18-May 0 0 0 6 2 7 0 0 0
23-May 0 0 0 16 5 7 0 0 0
30-May 0 0 0 15 7 5 0 1 0
4-Jun 0 0 0 35 12 5 0 1 0
11-Jun 0 0 0 33 20 2 0 0 0
Totals 0 0 1 149 68 71 0 2 0
American Marbled Common
Willet Avocet Godwit Snipe
2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
0 0 0 0 0 0 0 0 3 0 1
0 0 0 2 4 0 0 0 0 0 1
0 0 14 0 7 17 1 6 4 0 0
0 0 20 20 11 9 2 13 12 0 0
0 1 32 40 42 7 4 18 0 0 0
0 0 22 2 41 8 0 3 0 0 0
0 1 28 3 25 77 2 2 0 0 0
0 0 30 37 40 2 0 5 0 0 0
2 0 21 31 44 2 2 16 0 0 0
0 1 29 50 25 10 0 9 0 0 0
0 0 37 74 10 0 0 0 0 0 0














Appendix 2. Short distance fall migrants at Kelly's Slough National Wildlife Refuge.
Piping Black-necked
Plover Killdeer Stilt
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002
18-Jun 0 0 0 7 14 7 0 0 0
25-Jun 0 0 0 8 29 5 0 0 0
4-Jul 0 0 0 7 19 11 0 0 0
11-JuI 0 0 0 2 76 20 0 0 0
18-Jul 0 0 0 10 12 20 0 0 0
25-Jul 0 0 0 6 22 82 0 0 0
4-Aug 0 0 0 33 15 18 0 0 0
11 -Aug 0 0 0 52 6 91 0 0 0
18-Aug 0 0 0 1 5 5 0 0 0
23-Aug 0 0 0 0 1 6 0 0 0
30-Aug 0 0 0 3 2 0 0 0 0
4-Sep 0 0 0 0 2 1 0 0 0
11-Sep 0 0 0 6 12 0 0 0 0
18-Sep 0 0 0 14 3 0 0 0 0
25-Sep 0 0 0 9 0 0 0 0 0
Totals 0 0 0 158 218 266 0 0 0
American Marbled Common
Willet Avocet Godwit Snipe
2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001
0 2 1 9 103 14 0 0 0 0 0
0 1 3 30 368 41 0 0 0 0 0
0 0 1 44 595 79 0 0 21 0 0
1 1 0 20 359 186 0 17 21 0 0
4 1 0 63 151 135 0 2 0 0 4
2 0 2 55 303 163 8 0 5 0 2
2 6 0 199 224 228 4 2 10 0 0
0 2 0 50 125 110 0 5 0 0 0
0 2 0 0 103 223 0 3 8 0 0
0 7 0 1 35 105 0 10 5 0 0
0 4 0 9 278 28 0 29 0 0 0
0 0 0 1 162 16 0 11 0 0 0
0 0 0 190 79 43 0 10 0 0 0
0 0 0 30 15 48 0 0 0 0 0
0 0 0 17 47 0 0 0 0 1 5


















Appendix 3.a. Intermediate distance spring migrants at Kelly's Slough National Wildlife Refuge.
Black-bellied Semipalmated Greater Lesser Semipalmated Least
Plover Plover Yellowlegs Yellowlegs Sandpiper Sandpiper Dunlin Dowitchers*
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
4-Apr 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Apr 0 0 0 0 0 0 0 0 3 11 0 14 0 0 0 0 0 0 0 0 0 0 0 0
18-Apr 0 0 0 0 0 0 2 0 1 99 3 23 0 0 0 160 0 0 0 0 0 0 0 0
25-Apr 0 0 0 0 0 0 1 2 7 195 16 433 0 0 52 375 8 0 0 0 5 0 0 0
4-May 0 0 0 5 0 1 26 86 9 158 91 262 767 35 146 614 9 36 0 15 0 23 6 0
11-May 0 0 0 19 0 0 23 4 6 101 64 170 330 0 61 691 2 7 293 0 0 13 0 0
18-May 15 0 0 44 0 0 17 7 0 38 39 50 507 9 0 486 0 0 790 67 0 38 0 0
23-May 11 0 0 32 0 5 3 0 1 4 4 83 301 13 156 72 0 36 1,181 244 543 5 0 44
30-May 0 0 0 0 0 35 1 0 0 0 0 38 1,381 488 576 132 59 83 208 83 2,210 3 0 0
4-Jun 1 0 0 1 0 0 1 0 0 0 0 1 89 0 67 43 0 17 3 0 0 0 0 0
11-Jun 0 0 0 0 0 0 0 2 0 0 921 0 0 0 0 8 0 0 0 0 0 0 0 0
Totals 27 0 0 101 0 41 74 101 27 624 1,138 1,074 3,375 545 1,058 2,581 78 179 2,475 409 2,758 82 6 44
‘ Dowitchers include Long-billed and Short-billed Dowitchers
Appendix 3.b. Intermediate distance spring migrants at Kelly's Slough National Wildlife Refuge.
Wilson's Red-necked Solitary Spotted Ruddy
Phalarope Phalarope Sandpiper Sandpiper Turnstone Red Knot Sanderling
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
4-Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-Apr 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25-Apr 19 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-May 166 100 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-May 146 22 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-May 184 3 27 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
23-May 151 38 287 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0
30-May 161 7 436 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0
4-Jun 39 5 114 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0
11-Jun 46 6 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0
Totals 915 182 875 0 0 0 0 0 0 13 1 0 0 0 2 0 0 0 0 0 0
*Dowitchers include Long-billed and Short-billed Dowitchers
Appendix 4 .a. Intermediate distance fall migrants at Kelly's Slough National Wildlife Refuge.
B la c k - b e l l i e d S e m i p a l m a t e d G r e a t e r L e s s e r S e m i p a l m a t e d L e a s t
P lo v e r P l o v e r Y e l l o w l e g s Y e l l o w l e g s S a n d p i p e r S a n d p i p e r D u n l i n D o w i t c h e r s *
D a t e 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 0 2 0 0 1 2 0 0 2
1 8 - J u n 0 0 0 0 3 0 0 4 0 0 7 2 0 0 0 0 0 0 0 0 0 0 0 3 0
2 5 - J u n 0 0 0 0 0 0 5 2 5 1 4 3 6 8 9 17 0 0 14 0 3 0 0 0 0 0 2 8 2
4 - J u l 0 0 0 0 0 0 5 2 0 3 1 ,1 3 7 5 6 9 1 7 0 5 9 8 0 4 7 1 8 0 0 0 1 1 0 3 6 7 2 6
1 1 - J u l 0 0 0 0 0 0 7 5 5 9 5 3 0 2 , 0 1 8 2 0 1 0 8 0 1 0 0 2 8 4 0 0 0 9 5 0 1 2 4
1 8 - J u l 0 0 0 6 0 2 4 6 4 2 7 2 , 4 3 0 1 8 2 9 5 7 9 6 1 9 2 2 1 3 3 7 8 5 0 7 0 0 5 5 8 9 2 11
2 5 - J u l 1 0 1 1 5 0 5 1 2 0 1 1 5 0 1 ,8 0 6 2 9 2 3 2 5 2 ,7 0 3 2 1 7 4 ,7 9 8 1 3 2 19 9 1 0 0 0 3 0 1 4 5 5 2 4
4 - A u g 0 0 0 3 0 7 1 0 5 5 14 5 6 9 8 1 3 2 5 7 2 4 3 , 2 8 4 7 9 5 2 ,1 7 4 6 1 0 3 1 2 0 0 0 1 0 0 1 2 4 3 8
1 1 - A u g 0 0 0 7 0 4 8 1 4 6 2 5 1 7 4 2 0 1 1 ,0 9 7 1 ,0 6 4 3 1 2 , 6 7 0 9 2 4 3 3 0 0 0 1 9 12 9 6
1 8 -A u g 0 0 0 12 0 2 2 4 4 3 3 3 5 2 2 2 8 8 4 7 2 8 3 4 8 3 ,6 4 4 5 1 2 5 0 0 0 1 9 3 9 6 2
2 3 - A u g 0 0 0 6 6 0 16 3 7 8 1 7 1 4 4 3 1 ,2 6 8 9 9 8 2 1 9 2 ,5 4 3 0 1 6 3 4 0 0 0 2 0 3 4 7 5
3 0 - A u g 0 0 0 0 2 6 1 12 1 0 3 2 9 3 1 ,3 1 8 4 8 1 4 8 1 ,2 6 2 2 2 5 0 5 0 0 0 0 0 3 2 5 9 0
4 -S e p 0 0 0 0 7 0 0 5 2 3 1 7 2 0 2 1 ,0 0 0 1 1 9 3 3 0 1 ,5 7 8 17 0 3 9 0 0 0 0 0 0 0
1 1 - S e p 0 2 0 0 0 13 0 5 4 1 3 4 2 0 3 1 4 8 4 1 0 6 6 8 8 7 3 6 0 3 3 0 0 0 9 1 15 0
1 8 - S e p 0 17 0 0 12 0 0 0 9 0 1 1 9 0 1 ,4 8 0 1 8 4 8 4 1 2 9 0 2 3 2 0 0 0 6 0 0
2 5 - S e p 0 0 4 0 0 0 0 2 3 2 4 9 5 1 6 6 9 0 6 0 0 6 0 0 0 0 0 0
T o t a l 1 3 7 5 7 6 1 3 7 6 8 3 1 4 3 2 8 5 0 8 8 ,3 5 8 6 , 8 9 4 7 ,1 6 4 1 0 ,5 2 7 5 ,3 7 3 1 6 ,4 7 7 1 8 9 3 9 8 6 5 8 7 0 0 9 9 4 9 6 8 9 5 8
* Dowitchers include Long-billed and Short-billed Dowitchers
Appendix 4.b. Intermediate distance fall migrants at Kelly's Slough National Wildlife Refuge.
Wilson's Red-necked Solitary Spotted Ruddy
Phalarope Phalarope Sandpiper Sandpiper Turnstone Red Knot Sanderling
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
18-Jun 5 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
25-Jun 0 78 59 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0
4-Jul 6 441 167 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
11-Jul 210 374 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-Jul 1,230 37 3 0 0 8 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
25-Jul 1,151 64 94 0 0 15 0 1 0 2 0 3 0 0 0 0 0 1 0 0 0
4-Aug 64 634 103 0 1 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 55
11-Aug 43 16 563 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0
18-Aug 78 19 268 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0
23-Aug 200 9 189 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
30-Aug 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-Sep 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Sep 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-Sep 1 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
25-Sep 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 2,997 1,674 1,498 0 1 23 0 4 0 16 0 9 0 0 0 0 0 1 0 0 55
Appendix 5. Long distance spring migrants at Kelly's Slough National Wildlife Refuge.
American Hudsonian White-rumped Baird's Pectoral Stilt Buff-breasted
Golden-Plover Godwit Sandpiper Sandpiper Sandpiper Sandpiper Sandpiper
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
4-Apr 0 0 0 0 0 0 0 0 0 61 0 0 0 0 0 0 0 0 0 0 0
11-Apr 0 0 0 0 0 0 0 0 0 35 0 28 10 0 13 0 0 0 0 0 0
18-Apr 0 0 0 0 0 0 0 0 0 265 0 13 6 0 24 0 0 0 0 0 0
25-Apr 0 0 0 0 0 0 0 0 0 497 0 44 8 3 60 0 0 0 0 0 0
4-May 0 0 0 0 2 l 0 0 0 6 0 9 14 13 259 0 0 0 0 0 0
11-May 0 0 0 0 0 0 0 0 0 37 0 0 13 0 18 0 0 0 0 0 0
18-May 0 0 0 35 0 0 0 0 0 22 0 0 44 0 0 0 0 0 0 0 0
23-May 0 0 0 0 0 50 0 0 129 0 0 49 8 3 21 0 0 12 0 0 0
30-May 0 0 0 3 0 26 20 0 271 0 0 10 21 157 31 0 0 0 0 0 0
4-Jun 0 0 0 0 0 0 113 0 1,157 0 0 0 8 0 0 0 0 0 0 0 0
11-Jun 0 0 0 0 0 0 86 756 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 38 2 77 219 756 1,557 923 0 153 132 176 426 0 0 12 0 0 0
I
Appendix 6. Long distance fall migrants at Kelly's Slough National Wildlife Refuge.
American Hudsonian White-rumped Band's Pectoral Stilt Buff-breasted
Golden-Plover Godwit Sandpiper Sandpiper Sandpiper Sandpiper Sandpiper
Date 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002 2000 2001 2002
18-Jun 0 0 0 0 0 0 0 31 35 0 0 0 0 0 0 0 0 0 0 0 0
25-Jun 0 0 0 0 0 0 0 26 0 0 0 2 0 0 0 0 135 0 0 0 0
4-Jul 0 0 0 0 0 2 0 0 0 0 0 5 6 4 0 80 453 0 0 0 0
11-Jul 0 0 0 0 0 0 0 0 0 0 9 16 13 16 41 9 642 67 0 0 0
18-Jul 0 0 0 0 0 0 0 0 0 0 16 12 271 15 0 642 0 172 0 0 0
25-Jul 1 0 3 0 0 0 0 0 0 70 19 339 1,115 0 468 30 16 754 0 0 0
4-Aug 1 0 0 0 0 0 0 0 0 7 128 95 350 165 103 190 180 273 0 0 0
11-Aug 0 0 0 0 0 0 0 0 0 2 67 76 346 53 269 54 141 517 0 0 0
18-Aug 0 0 0 0 4 0 0 0 0 6 20 61 263 21 66 15 7 56 0 0 46
23-Aug 1 0 2 0 6 0 0 0 0 0 189 75 41 95 647 61 59 652 0 0 47
30-Aug 0 0 0 0 18 0 0 0 0 3 146 0 0 107 0 52 108 0 0 42 0
4-Sep 0 0 0 0 0 0 0 0 0 2 23 7 0 287 0 1 302 0 0 5 0
11-Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 89 23 0 0 0 0
18-Sep 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 0 11 4 4
25-Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11
Total 3 0 5 0 28 2 0 57 35 90 617 693 2,405 763 1,594 1,228 2,066 2,491 11 51 108
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Appendix 7. Shorebirds and invertebrates in each zone during April and May at KSNWR.
April
Zone 1 Zone 2 Zone 3
Semipalmated Sandpiper Lesser Yellowlegs Greater Yellowlegs
Least Sandpiper Pectoral Sandpiper American Avocet
Baird's Sandpiper Wilson's Phalarope * 1 Marbled Godwit * 1
Killdeer











Zone 1 Zone 2 Zone 3
Semipalmated Sandpiper Lesser Yellowlegs Greater Yellowlegs
Least Sandpiper Pectoral Sandpiper American Avocet
Baird's Sandpiper Wilson's Phalarope Marbled Godwit
Killdeer Dunlin Black-necked Stilt * 1
Semipalmated Plover * 1 White-rumped Sandpiper Hudsonian Godwit *2
Black-bellied Plover * 1 Willet
















*1 = Observed one year only; *2 = Observed 2 years 
* Includes Short-billed and Long-billed Dowitchers.
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Appendix 8. Shorebirds and invertebrates in each zone during June and July at KSNWR.
June
Zone 1 Zone 2 Zone 3
Semipalmated Sandpiper Wilson's Phalarope Greater Yellowlegs
Least Sandpiper White-rumped Sandpiper American Avocet
Killdeer Lesser Yellowlegs 
Black-necked Stilt * 1 


















Zone 1 Zone 2 Zone 3
Semipalmated Sandpiper Lesser Yellowlegs Greater Yellowlegs
Least Sandpiper Pectoral Sandpiper American Avocet
Killdeer Wilson's Phalarope Marbled Godwit
Baird's Sandpiper Stilt Sandpiper
Semipalmated Plover Dowitchers*
American Golden-Plover * 1 Red-necked Phalarope *2 











Stratiomydiae *1 Hydrophilidae Chironomidae
Hydracarina *1 Stratiomydiae *1 Culicidae
Gordiidae *1 Tipulidae *1 Zygoptera *1
* 1 = Observed one year only; *2 =  Observed 2 years
* Includes Short-billed and Long-billed Dowitchers.
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Appendix 9. Shorebirds and invertebrates in each zone during August and Sept, at KSNWR.
August
Zone 1 Zone 2 Zone 3
Semipalmated Sandpiper Lesser Yellowlegs Greater Yellowlegs
Least Sandpiper Pectoral Sandpiper American Avocet
Killdeer Wilson's Phalarope Marbled Godwit























Zone 2 Zone 3
Zone 1 Lesser Yellowlegs Greater Yellowlegs

















* 1 = Observed one year only; *2 = Observed 2 years
* Includes Short-billed and Long-billed Dowitchers.
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